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(57) By managing a coating material injection time 
and the like parameters so that they may be controlled 
within specifically determined ranges, an in-mold coat- 
ing formation method is provided for manufacturing a 
molded product coated with a coating layer having a uni- 
form quality in its outside appearance. By continuously 
and unifyingiy managing a mold opening amount and a 
mold closing force, an in-mold coating formation method 
and an in-mold coating formation apparatus are provid- 
ed which are so formed that, if the control of a mold dos- 
ing force and the control of a mold opening amount are 
t— continuously changed and at the same time a high pre- 
^ cision and a high response are maintained, it is possible 
r— to enlarge a selectable range for selecting a molding 
£5 condition, thereby producing an integrally formed mold- 
ed product having an excellent outside appearance and 
^ whose coating layer has a high adhesion strength. Fur- 
ther, there are provided a mold having a specifically 
formed auxiliary cavity and an in-mold coating formation 
^ method which employs said mold, so that it is possible 

LU 



to prevent a coating material from leaking out of the 
mold, thereby shortening the molding formation cycle, 
and making It possible to manufacture a molded product 
having a stabilized quality. Moreover, by controlling an 
internal pressure in the mold cavity under a predeter- 
mined condition after the injection of the coating mate- 
rial, there is provided a further in-moldcoating formation 
method which makes it possible to obtain an integrally 
formed molded product whose coating layer has a suf- 
ficient strength with the molded product, without having 
to use a special coating material and a special resin to 
be used for molding. In addition, by using a mold having 
a specifically shaped sub-cavity, there is provided a still 
further in-mold coating formation method which can 
keep mold temperature at a relatively low value, cause 
the coating material to cure at a predetermined temper- 
ature and within a predetermined time period, thereby 
shortening the molding formation cycle, improving the 
productivity, improving the physical properties of a coat- 
ing layer, thus obtaining a good molded product. 
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Technical Field 

moon The present invention relates to an in-mold coating formation method in which a thermoplastic resin molded 
p°rod it ismoEina mold, subsequent* a coating materia, is injected into the ^^^SSS^ 
surface of thus obtained thermoplastic resin molded product. This invention also relates to an m-mold I coating formation 
apparatus for use in the in-mold coating formation method for forming a coating layer on the surface of a molded 
pK within a mold. This invention further relates to an in-mold coating formation mold for use « the Jn-mold I coabng 
formation apparatus and also relates to an in-mold coating formation method which ut.Uzes the .n-mold coat.ng forma- 
tion mold formed for use in the in-mold coating formation apparatus. 

Background Art 

ro0021 There have been proposed in-mold coating formation methods, aiming at improving a quality of products by 
addinq some addmonal values such as decorative effects on some thermoplastic resin molded products often used .n 
^SSZSSh^» hold electric apparatus or devices or used as construction materials, or aiming at reducing the 
p maS cost Vy omission of certain steps In molding process thereof; said In-mold coating formafon 
pnses the steps objecting a coating material into a space belween the surface of a thermoplasUc resin molded product 
foled in a mold and the internal surface of the cavity of the mold, and then curing the coating matena. w, h.r .the : mold 
so^s to obtain an integrally formed molded resin product on whose surface a coat.ng layer .s adhered. In particular 
those me°noos have been Led to certain extent in the production of the thermoplastic resin products used as var.ous 
parts Tan automobile vehicle whose requirements as to the appearance and the qual.ty are qu.te severe. These parts 
nCinofude a bumper, a sideview mirror cover, a fonder, a door panel, a back door panel, an over fonder a door 
"and e Joe garnish a side protector, a wheel cap, including a side cover and a cow. for use .r .a mo orcyc o. 
[0003] There have been known several in-mold coating formation methods such "^f 8 ^^^" U ®J 
4>6>88, USP 4,081,578, USP 4,331,735, USP4.366.1 09. USP 4.668.460. JP-A-5-301251 . JP-A-5-318527. and 

ra0O4]" 1 tn He case of methods disclosed therein, there are some prescriptions as to the mold posing force at the 
fme when a coating material is injected into the space between the inner surface of the mold and the thermoplast c 
es rmolded product after formation of the molded products from the thermoplastic res.n mater.al or molding wrthin 
thPmTld the injection pressure of the coating material, and a mold clearance. However, there is almost no attent.on 
To bT pai'd no *£! re^ed foMnJecting a coating materia, and the time required for completing the reclosing of the 
mold after the coating material has been injected into the mold. , #h -.».»w 
35 raoOSl Namely a thermosetting material starts its solidification by virtue of a heat of the inner surface of the mo Id 
ind a heafoTme thermoplastic resin materia, immediately after it is injected into a mold. A curing speed thereof w.l 
vS from cairto case, depending upon various condKions such as the sort of a coating matena.. the temperature of 
a mold the temperature of a thermoplastic resin material, and the like. 

mool?' If tne coating material injection time is too short, pigment components conta ned .n a coating ma^M be 
40 uWirably separated from each other in the coating material or some weld lines w.ll be undesirably formed On the 
^erTand ffthe coating material injection time lasts too long, an end portion of the molded product is often not coated 
since aTowabS of a coating material will decrease with the progress of the solidification of the coating matenal. and/ 
or some wrinkles and cracks will be formed in a coating layer. 

roooT Moreover if an operation time until the completion of the reclosing of the mold is too long, the coating material 
45 wrundergranTndeired'ge. with the progress of its solidification, resulting in a decrease In its fiowabillty and hence 
making «u.t for a coating material to cover an entire molded resin product including its end porfons, and/o a 
pressure needed t in reclosing the mold wl.l also be applied to the coating material during its J* ^-^^JT^ 
and cracks in the cured coating layer formed on the surface of the molded res.n product. On the *h?rhand ,f an 
operation time before the completion of the reclosing of the mold is too short, p.gment components contained the 
50 coS material will be undesirably separated from each other in the coating material, and some weld lines will be 
unSa^y fonmed. making it impossible to produce molded resin products having a uniform appearance. Further, in 
th rase oTmoTded product having ribs and bosses, if a pressure for reclosing the 

defects such as sinks and humps (which are in fact tubercles formed on the surface of thick portions of the molded 
nroducrt will be formed in the molded products. 
55 foousf For this reason, firstly, it is earnestiy desired at the present time to establish an improved m-mold coa ng 
forma ion method which requires that after a thermoplastic resin product has been formed w.th.n a mold a coa ng 
maTerS isTniected into the mold to form a coating layer on the surface of the molded res.n product w,th the coa ng 
Sn>S«i 9 carried out without forming any wrinkles, cracks, mottles, and weld lines in the cured coat.ng 
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layer, thereby obtaining molded resin products having a coating layer of a high quality. 

[0009] Further, the above mentioned in-mold coating formation method (hereinafter it is referred to sometimes as 
IMC method) has attracted a considerable attention from people in the art and has been considered to be very effective 
to serve as a substitution for a conventional spray coating technique; this is because there is a tendency that official 
s restrictions for controlling the discharge of harmful organic compounds from various factories into surrounding atmos- 
phere become more and more severe, and from the viewpoints that serious attention should be paid to the health 
protection of workers working in the factories under the circumstances that environment problems have attracted big 
concerns more and more during recent years. 

[0010] Incidentally, the above mentioned IMC method was initially developed mainly for use in manufacturing a mold- 
10 ed resin product from a thermosetting resin such as SMC or BMC. However, in recent years, attempts have been made 
to apply an IMC method to form an thermoplastic resin product. For example, as is disclosed in JP-A-5-301251 , there 
has been proposed a method comprising injecting a coating material of a thermosetting resin onto the surface at the 
injection inlet of a molded resin product by altering a closing force of the mold, or maintaining a closing force of the 
mold at a constant level, under a condition where the surface temperature of a resin is equal to or higher than the 
15 curing temperature of a coating material, and opening the mold after the coating material has been cured. 

[0011] However, it is difficult to design optimum molding conditions for a formed coating layer to obtain a good ap- 
pearance and a good adhesion strength, compared with an IMC method for a thermosetting resin from the following 
reasons or the like: a mold temperature in an IMC method for a thermoplastic resin will be fairly lower than that in an 
IMC method tor a thermosetting resin; and, in the case of a coaling malerial for a thermoplastic resin in an IMC method. 
20 it is required to have a curing property capable of curing at a temperature lower than a coating material' for a thermo- 
setting resin does. 

[0012] Further, a conventional injection molding machine is designed only for molding a resin product having a pre- 
determined shape, but not for carrying out an IMC method. Therefore, one may point out the point, as one of reasons 
making it difficult to use an IMC method of a thermoplastic resin, that the conventional injection molding machine is 

25 designed not so as to carry out the controls of the position of a mold and the mold closing force with a high precision 
and a high response. That is, it is impossible to spread a coating material sufficiently within the cavity of a mold after 
the injection thereof into the mold, or it is extremely difficult to obtain a uniform coating layer since an injected coating 
material starts to cure partially soon after it has been injected into the mold. Accordingly, even if in a case where the 
method disclosed in JP-A-5-301251 is used, it is difficult to control the curing condition for curing the coating material, 

30 as far as a conventional injection molding machine is used whose control operation for controlling the mold closing 
force and mold position is slow, hence rendering it difficult to ensure a high productivity. 

[0013] Therefore, in order to improve the above mentioned situation, JP-A-6-254886 has proposed an attempt to 
adjust conditions for an IMC method by giving a predetermined amount of opening of the mold. However, in the case 
of the IMC apparatus for this method, there is employed a means for stopping at a position capable of ensuring a 

35 predetermined amount of opening of the mold as a result of the interaction between two sets of the driving means 
installed in the opposite direction each other, by installing another driving means for driving the mold in the opposite 
site in addition to a driving means for effecting the opening or closing of a mold. Accordingly, the control system thereof 
is complex and it is difficult to ensure a high response. This brings inherently a problem that it is impossible to shorten 
an operation time which lasts until the mold arrives at its predetermined stop position. 

40 [0014] Moreover, with regard to an injection molding machine of a hydraulic direct press type which has been used 
in prior art, since a mold closing force control for controlling a mold pressing force and a mold opening amount control 
for controlling the mold position are effected by different control systems, although very slightly, a time lag will occur 
when the mold position control is changed over to the mold closing force control, making it impossible for the mold to 
be suitable for a continuous operation. As a result, with regard to an IMC method that is carried out in an injection 

45 molding machine of a hydraulic direct press type, at the time when the operation of the mold is interrupted, some flow 
lines will occur in coating material flowing areas within the cavity of a mold. Namely, there has been existing a problem 
that the conventional injection molding machine of the hydraulic direct press type is not suitable for carrying out an in- 
mold coating formation method which requires that the mold closing force and the mold opening amount be controlled 
continuously. In conclusion, there was only a low yield even if people tried their best to manufacture a thermoplastic 

so resin molded product coated with a properly formed coating layer. 

[0015] Because of the reasons stated in the above, it has been strongly demanded to develop an improved in-mold 
coating formation method and an improved in-mold coating formation apparatus, which are able to control a mold 
closing force and a mold opening amount with a high precision and a high response even under a condition where the 
mold closing force and the mold opening amount are required to be continuously changed, so as to greatly enlarge a 

55 selectable range for selecting suitable manufacturing conditions for carrying out an IMC method for a thermoplastic 
resin so as to produce an integrally formed resin product being excellent in the appearance and the adhesion strength 
of its coating layer. 

[0016] However, as discussed in the above, although the conventional IMC method is utilized partly only for the 
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m anufacture of a molded produc, from a resfn^A £ r— ST^SS^ 

not utilized widely yet for an inject.on molding of a «™^^™EJar it is not easy to carry out an operation 
prob.em that the coating materia. o ten JJjS£ iS^SSSg machine has to be stopped at every 

to remove coating material leaked from the mold, an d smce the nject on ™ 9 „, become too , ongi nenC e 

time when the coating materia, is leaked, a ^^^^^^ additional load during a process 
resulting in a low productivity. Moreover, s.nce the ^ become insufficient, causing a problem that 

mold for use in an injection molding process, in which ^ ^ J^ K £^^ impossible to corn- 

coating materia, from leaking out the mo^^ 

pletely prevent a leakage of a coating matenal even if this *Z^™°* J nce it is nece ssary to perform an 

•^r^e^^ 

the mold is closed. h.^i^c another mold having grooves formed within the auxiliary cavity. 

[0019] Further, the said publ.cat.on also d.sc loses another mold hav.ng gr ^ ieaked 

However, such grooves are required to have a of °f ^ mold canity surface) formed due to a curing 

into a clearance (a gap formed between a £™^™ns " b ar ** * 0 tov^r To havo a sufficient height in tho case of 
shrinkage of a rosin material used for molding. One T^Jf^^l ol the mold movement. Consequent.y. if 
the grooves having such a thickness due to the ^ernents ofthj ^ 

a coating material is injected into the mold by ^ m *"*\^^^£ nl *^ U rt of the mold, there is still 
be leaked. On the other hand, even if the grooves ghe r ^^^^ am pressure of coating materia., 

a possibility that the grooves a re not durable enou^^^^ 

a coating material is small. nmvi de an in-mold coating formation mold which is capable of 

[0021] That is. thirdly, there m a strongly desire to P™^"™™^ C0 J ng formation met hod using the same, 
preventing a coating material from leak.ng out ° the ^°' d ^ n f an ^ t ™same time to stabilize the product quality. 

the cam material can III the clarence within SiSSfc Sin although there has bean used an Injection 

SS2. «52^=S^- - " 8e m ° meth ° a * re part '" 9 

a previously Nested resin ""^."^^"^^S^IMk Irons the mold oavny. one may not keep the 
cavity Is not sufficient. As a resell since the; coat ^cordingly. Ihere has been such a problem lhal 

rswrs^ ss ss-^ - ca se « - * - , 0 r . 

thermoplastic resin by using a convention^, flat ^2^" ?^M^d for a thermoplastic resin, there 
[0025] in order to solve the above problem assoc.ated w.th , he above IMCmo compone nt having an 

nas been employed such a practice that there • -^*^^STIo « to coverthe insufficiency in the 
excellent affinity with a thermop.ast.c 'T^'^^^S^U the development of a special coating 
adhesion strength of a coat.ng matenal. However, na P considerable expe nse. Additionally, it has been 

materia, and a special grade resin not only -need ^^^^ZZn^U of a coating material. 
f ° Und t0 Tn ^^^S^X^ss type injection molding machine using a hydraulic cyl- 



[0026] 
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inder has not been so designed to be able to carry out the IMC method, it is difficult to perform a delicate position 
control on a moid. Further, since the driving speed of the mold is slow, it is difficult to control operating conditions lasting 
from the injection of the coating material to the curing thereof. Thus, the above-mentioned may be considered to be 
one of the factors making it difficult to molding of a thermoplastic resin by the IMC method. 
5 [0027] That is, fourthly, it has been demanded to provide an IMC method which is capable of producing an integrally 
formed molded resin product having an improved adhesion strength between a coating layer and the molded resin 
product formed by a thermoplastic resin material. 

[0028] As discussed in the above, in recent years there have been tried attempts so as to use an IMC method for 
molding a thermoplastic resin material. For example, JP-A-5-301251 has proposed a method which comprises injecting 

10 a thermosetting coating material on to the surfaces to be coated by changing a mold closing force, or holding the same 
mold closing force, under a condition where a resin surface temperature and a mold temperature are ail equal to or 
higher than the curing point of a coating material, opening the mold once the coating material has been cured. 
[0029] Further, JP-A-5-301251 has disclosed the use of an IMC method which is similar to a common injection mold- 
ing process, involving a step of injecting a molten resin at a temperature of 280°C into the cavity of a mold, and using 

*5 a coating material whose curing temperature is at about 130°C after the mold temperature is made to 130°C. In fact, 
the curing temperature of a coating material varies one from another depending upon the nature of each coating ma- 
terial. However, if the mold has to be set at a temperature which is equal to or higher than the curing temperature of 
a coating material, the heating of the mold and a heating means will become too large in their scales, resulting in a 
high equipment cost and a high equipment running cost. Further, if a mold is used at such a high temperature, there 

20 is a fear that the mold will quickly become deteriorated in its quality. 

[0030] Particularly, as in the method disclosed in JP-A-5-301 251 , if a mold is at a high temperature, a thermoplastic 
resin molded product will be in its soft state. Accordingly, it is necessary that a molded resin product be taken out from 
the mold only after it has been cooled to a temperature at which its shape can be exactly maintained. In this manner, 
if the resin molding process involves repeated cooling and heating treatments, a time period needed for one cycle 
25 molding process will become too long, hence resulting in a low productivity. In view of the above various problems, not 
only it is difficult to expect a high productivity by using the method disclosed in JP-A-5-301251 , but also one may expect 
a high cost from equipment-wise and production step-wise. 

[0031] In order to improve a low productivity resulted from the use of a high temperature mold, such as in the case 
which involves the use of a conventional method disclosed in JP-A-5-301251 , the actual situation at present remains 
so such a condition that one should set the surface temperature of a mold for use in the IMC method, in view of the molding 
formation cycle and the molding capability, at a value which is lower than the curing temperature of a commonly used 
coating material. 

[0032] However, in the case of the coating layer formed under the conditions incapable of satisfying the predeter- 
mined requirements for curing, there is a possibility that it is difficult to obtain some desired physical properties. Further, 

35 coating materials capable of using are often limited. For these reasons, in view of handling coating materials and 
physical properties of a coating layer, it is preferred that a coating material for use in an IMC method should have a 
high curing temperature. However, there is such a situation that it is unavoidable to sacrifice the desired physical 
properties of a coating layer if a high productivity is considered to be important; and, on the other hand, it is unavoidable 
to sacrifice the high productivity in order to form a coating layer having sufficient physical properties, in the case of the 

40 conventional IMC method for a thermoplastic resin material. 

[0033] That is, fifthly, it is the present situation that there is a strong desire to provide an IMC method for the ther- 
moplastic resin material which is capable of improving the physical properties of coating layer obtainable with shortening 
in the mold formation cycle so as to improve the productivity, as a consequence of setting a mold temperature at a 
value which is lower than a curing temperature of a thermosetting coating material, and being capable of curing the 

45 coating material at a predetermined temperature and within a predetermined time period. 

Disclosure Of Invention 

[0034] The present inventors, after their hard and diligent researches for solving the above-described problems, 
so have found that the following method and apparatus can be used to achieve their purposes. Firstly, there is provided 
an in-mold coating formation method, wherein the mold is opened at a predetermined interval after a thermoplastic 
rosin material is subjected to molding within a mold, a predetermined amount of a coating material is injected into a 
space formed between the surface of the thermoplastic resin molded product and the internal surface of the mold cavity 
of the mold by using a coating material injection device, the mold is reclosed upon the completion of injection of the 
55 coating material, the injected coating material is allowed to cure within the mold so as to obtain an integrally formed 
molded product having a coating layer tightly adhered to the surface of the thermoplastic resin molded product, char- 
acterized in that: 
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ini^iion at a coatinci material is performed only after a time period has passed which is necessary (or the 
surtaS % f the theSastTc riin mo'ded product to be cured to such an extent that said surface can withstand 
an iniection Dressure of the coating material and a flowing pressure of the same; 

(2) SS'he coating materia, is set to be within a range of 0.1 0 1, to 0.99 t n when a gel t,me of the 
^oatinn material at the temperature of the mold is defined as t^; 

S a tSnT pe riod from the beginning of injection of the coating material to its spreading through the mtenor of the 
Sold b7redosure of the mold is set to be within a rang of 0.20 t, to 1.10 1, wherein t, is the same meaning as 
defined in the above. 

f00351 Secondly there is provided another in-mold coating formation method wherein the mold is opened to form , a 
prede err^ined interval after a thermoplastic resin material is subjected to molding within a mold. * Preterm ned 
amoumTa coSg material is injected into a space formed between the surface of the thermoplastic resir molded 
Ih th- internal surface of the mold cavity of the mold by using a coating material injection device, the mold 
S^e^ u^ 2^^n of the coating materia., the injected coating material is allowed to cure 

the mow so as to obtain an integrally formed molded product having a coating layer tightly adhered to the surface 
of Te Sl^rinDlM product" characterized in that: a stroke of a hydraulic cylinder for providing a driving 
foZ to clSe^mowTn a toggle type injection molding machine, or a stroke of a ball screw for providing a dnving , force 
odosea^ 

by using "« "mold ctosfng servo valve or a servo motor, thereby effecting a drive control using a preset mold opening 
amount chanainq pattern and a preset mold closing force changing pattern. 

m036? in The in mold coating formation method according to the above second aspect «^f^Z™^™£* 
preferred that an in-mold pressure of the coating material injected in the mold be subjected to a feedback cent o using 
a mold closing servo valve or a servo motor, thereby effecting a drive control using a preset changing patte n. It is also 

a start of the mold opening of an injection molding machine, a start of the injection of the coating material injection 
device and aTtart of the mold reclosing movement of the injection molding machine be sent and received so as to 
effect a interlock between the injection molding machine and the coating material injection device F"rther, t ^pr e 
ferred that an in-mold pressure of the coating material injected in the mold is increased soon after the completion of 
he coating materia., and is then changed through many steps with the passing of time so ^^S^S^ 
reduced thereby controlling the thickness of the coating layer and the curing condition of the coa mg ^enaL 
003? Furthe according ,to the second aspect of the present invention there is provided an '"-^'^fj'" 9 ^^ 0 " 
apparatus wherein after a thermoplastic resin molded product has been formed within a mold, the mold ,s opened to 
form r D redetermined interval, a predetermined amount of a coating material is injected into a space formed between 
^surface oSTnermop.astic resin molded product and the internal surface of the mold cavity of the mold by using 
I coalfnc Zl ^^erialTnjSion device, the mold is reclosed upon the completion of injection of the coating material. Jhe 
rnjede7co^ting materia, is allowed to cure within the mold so as to obtain an integrally formed molded product hav ng 
a colfng "ayeMightiy adhered to the surface of the thermoplastic resin molded product, charactenzed ,n that the 
apparatus comprises: 

a mold closing servo va.ve (or controlling a flow rate and a pressure of a working oil being " ^ 

cloSng hydraulic cylinder in a toggle type injection molding machine; a stroke sensor for detecting the stroke o< 
me hydraulic cylinder; a mold opening amount sensor (or detecting the mold opening amount of th ™ , « 
c.oWng force sensor for detecting a mold Cosing force of the mo.d; a coating materia. ^.^^ZZ^Z 
an in-mold pressure of the coating material injected in the mold; a coating materia, injection device for injecting 
the coating material; a mo.d closing condition setting section for setting and inputting the molds mold opening 
amolnTchan^ng pattern and its mold closing force changing pattern, and the coating material's In-mo d pressure 
changinrpauern; injection device control section for receiving a command signal fed from the mo.d I closing , con- 
ditfon setting section so as to drive and control the coating material injection device; a changing pattern storing 
section Japabiro^ Coring a correlation between a stroke of the hydraulic cylinder detected by the stroke sensor 
and a mold open* g amount detected by the mo.d opening amount sensor, and another correlation be^een a 
stroke ofthe hydrauHc cylinder detected by the stroke sensor and a mo.d closingforcedetec edby themoldc.osmg 
force sensor also capable of converting a mold opening amount changing pattern and a mold closing force chang- 
na oattem (bot of which have been set In advance in the mold closing condition setting section) into stroke 
chan'gtg pi ms Respective hydrau.ic cy.inders; a mold closing control section which is provided to cause the 
moldS 

cylinder and an in-mold pressure changing pattern of the coating matenal. 
[0038] In fact, the in-mold coating formation apparatus is so formed that the toggle type injection molding machine 
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may be replaced by a toggle type electric injection molding machine, the mold closing hydraulic cylinder may be re- 
placed by a mold closing ball screw, the mold closing servo valve may be replaced by a servo motor. 
t°039] Thirdly, according to the present invention, there are provided an in-mold coating formation mold and an IMC 
method using the mold. The in-mold coating formation mold is equipped with a coating material injection device that 

5 is provided for injecting a coating material into the mold cavity in order that a coating layer can be formed on the surface 
of a thermoplastic resin molded product formed by virtue of the mold, and which is also equipped with an auxiliary 
cavity communicated with the mold cavity of the mold through the entire circumference thereof. 
[0040] As a mold which can be used in an example according to a third aspect of the present invention, it is allowed 
to use a shear edge type mold having a shear edge portion, and an auxiliary cavity formed in the shear edge portion. 

10 it is also allowed to use another type of mold having such a parting structure that it includes parting surfaces connected 
with one end of the auxiliary cavity as viewed in its longitudinal direction. 

[0041] Namely, as the above described molds, it is allowed to use such an in-mold coating formation mold which is 
equipped with a coating material injection device for injecting a coating material into a mold cavity in order that a coating 
layer can be formed on the surface of a thermoplastic resin molded product within the mold, characterized in that: 

15 

an auxiliary cavity extending in the opening and closing direction of the mold is formed which is communicated 
with the mold cavity of the mold through the entire circumference thereof, the auxiliary cavity has a thickness of 
0.1 to 2 mm and a length of 0.5 to 30 mm. In addition, it is preferred that a heater be provided for heating a cavity 
surface of the auxiliary cavity, said cavity surface being on the coating maleriai injection side. 

20 

[0042] Moreover, according to the third aspect of the present invention there is provided a further in-mold coating 
formation method, wherein an in-mold coating formation mold is used which is equipped with a coating material injection 
device that is provided for injecting a coating material into the mold cavity in order that a coating layer can be formed 
on the surface of a thermoplastic resin molded product formed by virtue of the mold, and which is also equipped with 

25 an auxiliary cavity communicated with the mold cavity of the mold through the entire circumference thereof, charac- 
terized in that: an auxiliary molded body is formed by a resin to be used for molding injected into the auxiliary cavity, 
a small gap is formed because of a small shrinkage of the auxiliary molded body so that the small gap is located 
between the auxiliary molded body and the internal surface of the auxiliary cavity, said gap being used in preventing 
the coating material from flowing out of the mold. 

30 [0043] Here, it is preferred that the temperature of the cavity surface on the coating material injection side of the 
auxiliary cavity is kept higher than other parts of the mold, the coating material spread from the mold cavity surface is 
cured in the auxiliary cavity, thereby preventing the coating material from flowing out of the mold. Further it is preferred 
to use a higher mold closing force than a mold closing force for use in the case not involving an auxiliary cavity, and 
to fill the auxiliary cavity with a resin under a filling pressure which is higher than usual, 

35 [0044] Fourthly, according to the present invention there is provided an in-mold coating formation method, wherein 
after a thermoplastic resin molded product has been formed within a mold, the mold is opened to form a predetermined 
interval, a predetermined amount of a coating material is injected into a space formed between the surface of the 
thermoplastic resin molded product and the internal surface of the mold cavity of the mold by using a coating material 
injection device, the mold is reclosed upon the completion of injection of the coating material, the injected coating 

40 material is allowed to cure within the mold so as to obtain an integrally formed molded product having a coating layer 
tightly adhered to the surface of the thermoplastic resin molded product, characterized in that: after a thermoplastic 
resin molded product has been formed, the mold is opened to form a predetermined interval, a predetermined amount 
of a coating material is injected into a space formed between the surface of the thermoplastic resin molded product 
and the internal surface of the mold cavity of the mold by using a coating material injection device, the mold is then 

45 closed upon the completion of injection of the coating material; an in-mold pressure of the coating material is controlled 
such that said pressure will arrive at a predetermined value which is 5 MPa or higher In a zone where the in-mold 
pressure of the coaling material applied to the thermoplastic resin molded product becomes lowest. Preferably, the 
above control is performed in a manner such that the in-mold pressure will be in a range of 5 MPa to 15 MPa, while 
at the same time the coating material is caused to flow over the entire surface of the thermoplastic resin molded product 

so so as to tightly cover the same. After that, the in-mold pressure of the coating material is controlled such that said 
pressure will arrive at a predetermined value which is 0.5 MPa or higher, preferably 0.5 MPa to 2.0 MPa, in a zone 
where the thermoplastic resin molded product receives the lowest pressure within the mold. 

[0045] In the in-mold coating formation method according to a fourth aspect of the present invention, a sub-cavity is 
formed which is communicated with the mold cavity, a groove portion is formed which is communicated with the sub- 
55 cavity. Further, according to the in-mold coating formation method of the present invention, it is preferred to use a 
toggle type injection molding machine or a toggle type electric injection molding machine. 

[0046] Fifthly, according to a fifth aspect of the present invention, there is provided a still further in-mold coating 
formation method, wherein after a thermoplastic resin molded product has been formed within a mold, the mold is 
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h ,« (nrm a nrodoterminod interval therebetween, a coaling material injection device is then used to inject a 

Kefe^ed to San injection molding machine having an excellent mold driving capab.l.ty and an excellent ?os £ 
Soning capabil^and it is a.so preferred to use either a toggle type injection mo.ding machine or a togg.e type electnc 
injection molding machine. 
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Brief Description of the Drawings 



[0049] 

Fig 1 is an explanatory view schematically indicating an example representing an in-mold coating formation ap- 
paratus that can be suitably used in one example of the present invention. , luhta h«nh« 
Rg 2 flow chart indicating a mo.ding processes according to example 1 and example 2. both of which can be 

^^^^^ 

3 the fn-mold coating formation apparatus shown in Fig. 1 . (b) is a diagram indicating an example of a sequence 
r*»*X^ , =^ 4 which can be conducted with the use 
STe S^chlS — to example 5 which can be conducted with the use 

F^(^ condition «™ • — haS ~" -~ ' T''" 9 ?" £ 

moid 'coa«ng Sl L formed according to a third aspect of the invention, (b) is an enlarged v.ew dearly 

Eg" ^ZESSttStt* - — - - ^ COati " 9 ,0rmati °" m ° ,d ^ 

50 ZTo^X^^^Z^e of a convention, in-mold coating formation mo.d which 

Ts^UaUo 11^f a^oXatory views schematically indicating a molded product formed by using the in-mold 
9 r 5™ tor ,moW acceding to the third aspect of the present invention. In detail, (a) is a schematic v.ew 
musSngTrar^e Z%£Z?£Z formed by using the in-mold coating formation mold shown in , Fig^ 
St a^ntarged view partly indicating a sectional surface B of the molded product, (c) is another enlarged view 
rJrtiw inriiratina a corner portion of the bottom of the molded product. 

F n 2 ifa schematic view i.lustrating an example of the structure of a mold which can be suitably used in an ,n- 
moid coating formation method according to a fourth aspect of the present invent.on. 
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Figs. 13(a) to 13(d) are schematic views indicating some other examples of the structures of molds which can be 
suitably used in the in-mold coating formation method according to the fourth aspect of the present invention. 
Figs. 14(a) to 14(d) are schematic views showing the situation of an opening/closing operation of a mold, corre- 
sponding to various steps in a molding process using a mold structure effective for the in-mold coating formation 
method according to the fourth aspect of the present invention, i.e., using a manner as shown in Fig. 13(a). In 
detail, (a) shows a mold position in which a molded resin product has just been formed, (b) shows a mold position 
in which the mold has been opened after the formation of the molded resin product, (c) shows a mold position in 
which a coating material has been just injected, and (d) shows a mold position in which the mold has just been 
reclosed. 

Figs. 15(a) to 15(c) are used to illustrate some examples according to the fourth aspect of the present invention, 
a molding process according to a comparative example, a molded product obtained in the molding process. In 
detail, (a) shows a sequence for opening/closing a mold, (b) shows the shape of a molded product obtained in 
> Comparative Example 4, and (c) shows the shape of a molded product obtained in example 7. 

Fig. 1 6 is a flow chart indicating a molding process according to Example 8 which can be carried out with the use 
of the in-mold coating formation apparatus shown in Fig. 1 . 

Best Model for Carrying Out the Invention 

[0050] In the following, first to fifth aspects of the present invention will be described in detail with reference to the 
accompanying drawings. However, in the following drawings, members and elements that provide the same functions 
will in principle be represented by the same reference numerals. 

[0051] An embodiment according to the first aspect of the present invention directed to a method which comprises 
coating the surface of the thermoplastic resin molded product with a coating material so as to form coating layer having 
a uniform appearance and quality by sotting properly the period for injecting the coating material and the time required 
for the completion of the reclosing step in accordance with the gel time of the coating material, at the time when the 
mold is opened at predetermined interval after a thermoplastic resin material is subjected to molding within a mold, a 
coating material is injected into the thus opened mold, the mold is closed again after the completion of the injection of 
the coating material, the coating material is uniformly spread within the mold under applying a pressure, and the re- 
sultant is caused to cure. 

(Time for starting the injection of a coating material) 

[0052] In a method for forming a coating layer on the surface of a molded resin product within a mold, a time for 
starting the injection of a coating material may be properly selected in view of the sort of a thermoplastic resin material 
and a molding condition. However, the coating material injection should be started at the time when the surface of the 
molded resin product has been cured to such an extent that it can withstand a injection pressure and a flowing pressure 
of a coating material. Here, the time when the surface of the molded resin product has been cured to such an extent 
that it can withstand a injection pressure and a flowing pressure of a coating material, is meant to represent such a 
time at which the temperature of the resin is equal to or lower than its heat distortion temperature if it is an amorphous 
resin, or the temperature of the resin is equal to or lower than its crystallizing temperature if it is a crystalline resin, with 
a precondition that the molded product is formed by a thermoplastic resin. Further, during a process of molding a resin 
product, the surface temperature of a molded product will inherently become a function of a time. Accordingly, it is 
preferred that a time period necessary for the resin to reach a temperature which is equal to or lower than the heat 
distortion temperature or the crystallizing temperature should be confirmed at each cycle for forming each molded 
product, thereby facilitating a control which can determine a time for starting the injection of the coating material. For 
example, as shown in the following Examples 1 and 2, a coating material can be injected at the time when the resin 
has been cooled for 20 seconds after it is molded. 

(Coating material injection time) 

[0053] In the following, description will be given mainly for explaining a coating material injection time in accordance 
with the first aspect of the present invention. However, if necessary, it is of course that such a coating material injection 
time may also be used in the other aspects of the invention. According to the first aspect of the invention, if t, is used 
to represent a gel time of a coating material when it is at the temperature of the internal surface of a mold cavity, a 
time necessary for injecting a coating material into a space formed between the internal surface of the mold and the 
surface of thus obtained molded product should be within a range of 0.1 0 1, to 0.99 t 1f preferably within a range of 0.2 
t n to 0.8 1 1 . If the coating material injection time is short than the above range, the pigment separation and the weld 
lines will become quite remarkable, thus it is not preferable. On the other hand, if the coating material injection time is 
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ES^rsr stiriiT-?^ «... * 

Micromet Instrument Inc.) 



10 (Mold reclosure completion time) 



15 



20 



25 



30 



(Mold reclosure comF«»'»» n *riod 

[0055] .nthepresentspe^^^ 

2g torn a time when the coating materia, is material to spread aii oyer the interna 

SbTrfclosed. also including an operation time "■^^'^^J^inrtlontlme). According to the first aspect 
cn2 e of th Arnold cavity (hereinafter simply referred to as mole M» compi ^ ^ unW the 

%TeveZte n Z,a time period from ^JJ^^ t, to 1.10 1, wherein h is the same 

completion of the reclosing of the mold * J^ ,re n d " * "£ * ' 0 qo L .If a mold reclosure completion t.me is shorter 
meTn ng as defined above, preferably within a range o 0.50j, ^0° separa ied therefrom. Moreover, .1 a 

man he above range, a pigment contained in Je co^mg mater a, ,s I ,kc.y I ^ (lake pigment, weld lines w.l. 

Sment contained in the coating material is a flake-l.ke matenal such as fe ^ preferable „ lt IS 

occur remarkably. Accordingly, a mold reclosure eompMon On the other hand, if the mold reclosure 

desired to obtaina high quality forthe outs.de ^S^SS^S** the curing reaction of the coating matena. 
completion time is longer than the above range, dunng a process ^ ^ ^ portionSi , ng 

•sTroccoding, it is difficult for the coating ^t^Mte ™ ason P a mold rec .osure completion time longer 



trolled with the above range 
(Usable synthetic resins forthe substrate) 
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(Usable synthetic resin* .u. u,<* * . 

Son may be Usted as follows. Namely, they may , be ^'^ e p0 | ye thylane terephthalate, polyvinyl- 

into a Iter*. r« or a nake-llke filler. 
(Usable Coating Materials) 

[00 sn P^nec^n^sca^ 

60^212467. JP-A-60-221437, JP-A-1 -229605. f**™ 1 .^^'tv^ component, a pigment and polymer- 
m0581 Particularly, it is allowed to use a coating ^^^^^g^ or its resin, such as an urethane 
zation mmator. Here, the vehicle component includes 2C ^0 ^of^ or an unsalura t e d 

ac^te Tgomerand an epoxy acrylate ^J^^SJ monomer such as methyl (metha 
Sester resin, and 80 to 30 wt% of a copolymenzable e hy enicany u (me tha)acrylate. (metha) 

cr-sr ra»r«s sssee— a - - - ■ — -~ - - 

view of an actually formed molded product. 
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(Temperature condition for molding) 

[0060] As related in the above, an indispensable condition for injecting a coating material is that the surface of a 
molded product has been cured to such an extent that it can withstand an injection pressure of a coating material, and 
its flowing resistance. However, if the temperature of a mold at this time is too high, it will need a longer time necessary 
for the surface of the molded product to complete its solidification, causing a problem that the molding cycle will be 
undesirably extended. On the other hand, if the temperature of a mold at this time is too low, there will be another 
problem that the coating material curing time will become quite long, or the solidification of the coating material is not 
completed. A mold temperature providing a good balance between a curing time of the surface of a molded product 
and a coating material curing time should be in a temperature range corresponding to the specific nature of each resin 
molding material. However, various mold temperatures corresponding to various resin molding materials are shown in 
the following Table 1 and it is preferred that the temperature of a mold be selected from the temperature ranges listed 
below. Nevertheless, it is of course that the following mold temperature ranges may be used in any of the first to fifth 
aspects of the present invention. 



Table 1 



Material to be used for molding 


Temperature range for molding 


Polyethylene resin 


I 60 - 80°C 


Polypropylene resin 


80- 110°C 


Acrylonitrile-Butadiene-Styrene copolymer resin 


80- 100°C 


Polycarbonate rosin 


110 - 140°C 


Polyamide resin 


110- 140°C 


Polyethylene terephthalate resin 


100- 130°C 


Polybutylene terephthalate resin 


100- 130°C 


Modified polyphenylene ether resin 


100 - 130°C 



(In-mold coating formation apparatus) 

[0061] Fig. 1 is an explanatory view schematically indicating an entire structure of an in-mold coating formation 
apparatus (hereinafter referred to as IMC apparatus) formed according to the present invention. It is of course that the 
apparatus shown in the drawing is suitable for use in any one of the first to fifth aspects of the present invention. In 
detail, the IMC apparatus 100 is formed by making use of a toggle type injection molding machine, including a mold 
closing device 1 0, an injection device 20, a control device 30 and a mold device 50. 

[0062] The mold closing device 1 0 is comprised of a stationary platen 11 and a moving platen 12, both of which are 
provided for installing the mold device 50. The moving platen 12 is guided by a tie rod 14 and can be made to move 
back and forth by virtue of a hydraulic cylinder 13 provided for driving the mold to close it (hereinafter, referred to as 
mold closing cylinder). In this way, when the moving platen 12 is moved back and forth relative to the stationary platen 
11 , the mold device 50 can be opened or closed. 

[0063] However, the toggle type injection molding machine can operate in accordance with a relationship between 
the stroke amount of the mold closing cylinder 13 and the moving amount of the moving platen 12. This relationship 
will continuously change with the changes in the angles of toggle links. In the area just before the toggle links become 
straight lines, the moving amount of the moving platen 12 will become small with respect to the stroke amount of the 
mold closing cylinder 13, while at the same time the mold closing cylinder 13 is driven continuously by virtue of a 
relatively low oil pressure, thereby producing a large mold closing force. 

[0064] Therefore, if compared with a direct press type injection mold machine capable of directly driving a mold by 
virtue of a hydraulic cylinder, the toggle type injection molding machine is characterized in that it can provide a desired 
driving action by virtue of the mold closing cylinder 13 having an excellent driving property and particularly an excellent 
high speed driving property, and that it can control the position of the mold device 50 with an extremely high efficiency 
by virtue of a force doubling mechanism of the mold closing device 10. Further, the toggle type injection molding 
machine is characterized in that it can produce a sufficiently strong mold closing force. In addition, with the use of its 
excellent driving property, as will be described later in the present specification, the IMC method (in-mold coating 
formation method) may be used so that a coating material may be injected into the mold cavity, the injected coating 
material is then caused to spread uniformly all over the internal surface of the mold cavity, thereby making it possible 
for the coating material to be cured uniformly, thus obtaining a desired coating layer formed on the surface of a molded 
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EST The injection device 20 comprises a screw member 21 having a spiral flat portion and a barrel 22 enclosing 
Se screw 21 in a manner such that the screw member 21 may be driven by a hydraulic motor 23 so as to move freely 
L ! !h h^h aTona the internal surface of the barrel 22. In this way. with the rotation of the screw member 21 . an 
back ^J^Sil^MV^^ 25 will be sent toward the screw member 21 . Meanwhi.e. the resin pellets 
rhe™v r^^^S on the outer surface of the barrel 22. so that the resin pellets 

may be melted within the barrel through a kneading action by virtue of the rotation of the screw membe ^ 
mo66i Once an amount of a molten resin being sent forward along the screw member 21 arrives a a predetermined 
la?u th operator, of the hydraulic motor 23 is stopped, and at the same time an injection cylinder 24 is driven 
so thaUhe sc ew mLber 21 is caused to move forwardly. As a result, the molten resin material accumulated in the 
fromtrea of t e sSew member 21 will be injected through a nozz.e 26 into a mo.d cavity 53 f^^^J^.. 
raoCT The mow device 50 comprises a fixed mold portion51 attached on the stationary platen 11 and a movable 
m»?Lrtta52 attached on the moving platen 12. The movable mold portion 52 includes a coat.ng material jnjec on 
SSKSSSS^nO materia 9 , into the mo.d cavity 53. and a coating materia, pressure sensor 54 for detecting 
th c?afng ma eria. fnjected in the mo.d cavity 53. However, for use as the mo.d device 50 itis preferred to use a mold 
acco^nq to the second aspect of the invention or a mold according to the third aspect of the invention. 
£££ Nex the structure of the control device 30 will be described. As shown in Fig. 1 . the contro device 30 has a 
mSq devSe control section 31 and an injection contro. section 38. The molding device contro. section 31 can effect 
aT in e?.oc"£ between the mo.d Cosing devfce 1 0 and the injection device 20 and can totally 

of the control section 30. The injection contro. section 38 can control the operat.on of the injection device 20 /Th. ^ 
comml sectons 31 and 38 have controlling functions similar to a contro. section of a common injection mokhng machine^ 
[0069] On the other hand, a contro. section having the contro. function inherent in the IMC apparatus 100 of he 
ESSent invention has an injection machine control section 35 and a changing pattern storing section 34. The inject.on 
SS secBon 35 is provided to receive a molding condition data signal (which means a ehang.ng pattern of 
aToWW cond tion and will have the same meaning in the following) from a mo.d Cosing cond.tion setting 
so as t control the operation of the mo.d Cosing device 10. The changing pattern storing section M*j^Wto 
recefve from the mold closing condition setting section 32 some molding condition data signals such as a mold open ng 
amount o I meld portions 51 . 52 (hereinafter referred to as "mold opening amount") and a mold closing force of the 
meS S?k£l£uS CL^r referred to as "mold closing force"), and to convert these data signa.s into the molding 

^roke of the mo.d Cosing cylinder 13 and to send these signa.s to the mo.d Cosing contro. 



[0070] Here, the mold closing condition setting section 32 is provided to set various mold.ng o™* 1 ™""*^ 
opening/closing speed of the mold closing device 10. its operation timing, its mold opening amount, its mo d closing 
force and Electing amount of the coating material injection device 55. its injection speed, i s injection timing .its 
So pressure and a pressure of the coating material within the mold cavity 53. In th.s way the molding cond. ion 
Zl SSng to an injecting amount of the coating material injection device 55. its injection speed its injection 
Smin and its injecuon pressure are sent from the mo.d Cosing condition setting section 32 to an injection mach ne 
cTZ. seclon 35. On the other hand, the molding condition data signals relating to an opening/closing 
mold 7c osinq Sevice 10. its operation timing and a pressure of the coating material within the mold cavity 53 are sent 
Tron the same mold ctosing condition setting section to a mold Cosing control section 33 Further as to the molding 
crdittons^lalSng to a moW opening amount and a mold Cosing force, their molding condition data s,gna.s are sent 

befl e it is put inS^ I ^contro.ling 9 ope P ration. One correlation is a re.ationship between a mo.d opening amount and a 
stroke of the mold Cosing cylinder 13, while the other correlation is a relationship between a mold clos.ng force and a 

SET For mf reton'atr Z mold device 50 has been attached on to the stationary p.aten 11 and the moving 
platen 1 2 it s necessary to use the same procedure as in a common injection mo.ding machine to perform a corre.at.cn 
cLS wn under a condition where a die height adjustment and a mo.d Cosing force adjustment have been competed 
fn accordance with mold thickness (die height) of the mold device 50. In detail, the correlation calculation is performed 
under a conation where the mold device 50 is being opened and closed for the purpose of adjustment and the ca cu- 
Sfon iteott is conducted in the changing pattern storing section 34 which can continuously receive soveral detect on 

Z ilxX^oVLion between a mo.d opening amount and a stroke of the mo.d c.os.ng cyhnder 13. and another 
^nrr^iation between a mold closing force and a stroke of the mold closing cylinder 13. 

SSST "n SSEing. some derailed examples will be given to explain an operation of the IMC apparatus 1 00 for 
Sng out the IMC method which uses the IMC apparatus 1 00 having the control device 30 constructed in the above 
described manner. 
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[0074] At first, a feedback control is conducted by virtue of a control signal fed from the mold closing control section 
33 and also by virtue of a mold closing servo valve 1 5, while at the same time the movable mold portion 52, driven by 
the mold closing cylinder 13 and in accordance with a mold closing speed pattern set in the mold closing condition 
setting section 32, is moved forward from its opening limit position so that movable mold portion 52 can get in contact 

5 with the fixed mold portion 51 . After that, the feedback control is performed by virtue of a control signal fed from the 
mold closing control section 33 and a mold closing servo vaive 15, while at the same time the movable mold portion 
52, driven by the mold closing cylinder 13 and in accordance with a molding condition data signal of a mold closing 
force (a changing pattern of a mold closing force) set in the mold closing condition setting section 32, is moved forward 
still further. In this way, a tie rod 14 is extended so that a predetermined mold closing force is exerted on the mold 

10 device 50. 

[0075] A molten resin stored in the front portion of the screw 21 is injected through a nozzle 26 into the mold cavity 
53 when the screw 21 is caused to proceed forwardly by the injection cylinder 24, while controlling an opening degree 
of an injection servo valve 27 according to the control signal fed from the injection control section 38 in predetermined 
timing during the operation of the mold closing device 10 mentioned above, thereby forming a thermoplastic resin 
is molded product. On the other hand, in order to achieve an interlock effect between the operation of the closing device 
1 0 and the operation of the injection device, the operation timing signals of the two devices can be transmitted between 
these two devices by the molding control section 31 . 

[0076] Subsequently, the movable mold portion 52 is caused to move back by virtue of the mold closing cylinder 13. 
Then, a feedback control is conducLed by virtue of a control signal fed from the moid closing control section 33 and 

20 also by virtue of a mold closing servo valve 1 5, while at the same time providing a predetermined mold opening amount 
set in the mold closing condition setting section 32, thereby forming a gap between the surface of the thermoplastic 
resin molded product and the internal surface of the mold cavity. After that, in accordance with an injecting amount of 
the coating material injection device 55, its injection speed, its injection timing, its injection pressure which are all set 
in the moid closing condition setting section 32, the coating material injection device 55 will be driven by a control signal 

25 fed from the injection machine control section 35, so as to inject the coating material into the mold cavity 53. 

[0077] Afterwards, a feedback control is conducted by virtue of a control signal fed from the mold closing control 
section 33 and also by virtue of a mold closing servo valve 15, while at the same time the movable mold portion 52 is 
again caused to move forward by virtue of the mold closing cylinder 13, thereby effecting an operation in accordance 
with a data signal of a mold reclosing condition (a mold opening amount changing pattern) and an operation in accord- 

30 ance with a data signal of a molding condition of a coating material (a pressure pattern of the coating material), which 
data signals are all set in advance in the mold closing condition setting section 32. In this way, the injected coating 
material is caused to spread over the entire surface of the thermoplastic resin molded product, thereby providing an 
optimum molding condition for the appearance and the adhesion strength of the coating layer. 
[0078] On other hand, in order for the coating layer to stabilize its outside appearance and its adhesion strength, it 

35 is preferred to use the coating material pressure sensor 54 to perform a feedback control in accordance with a prede- 
termined coating material pressure pattern. In particular, as shown in Example 3 which will be described later in the 
present specification, if an internal pressure within a mold containing an injected coating material is at first increased 
immediately after the injection of the coating material, and then is gradually reduced to make the internal pressure to 
change gradually step by step, the injected coating material will be allowed to spread more uniformly within the mold, 

40 making it possible to use a coating material having a high viscosity. 

[0079] However, if it is difficult to dispose the coating material pressure sensor 54 in the mold device 50, a mold 
closing force pattern may be set to replace the above coating material pressure pattern, thereby effecting a feed back 
control in accordance with the mold closing force pattern. 

[0080] Subsequently, a feedback control is conducted again by virtue of a control signal fed from the mold closing 
45 control section 33 and also by virtue of a mold closing servo valve 1 5, while at the same time the movable mold portion 
52 is caused to operate In accordance with an operation timing and a mold opening speed pattern set in advance in 
the mold closing condition setting section 32, so that the movable mold is moved back to its opening limit position, and 
an integrally formed molded product is taken out from the mold device 50. In this way, one cycle of molding process 
is thus completed. 

50 [0081] As described in the above, with the use of the present invention, the mold closing speed pattern, the mold 
closing force pattern, the mold opening amount pattern and the mold opening speed pattern, alt set in advance in the 
mold closing condition setting section 32, can all bo unified into a stroke pattern of the mold closing cylinder so as to 
be subjected to the feedback control. Consequently, even under a molding condition where the mold closing force and 
the mold opening amount are alternatively repeated, a control object will still be the stroke pattern of the mold closing 

55 cylinder. 

[0082] For this reason, since it is allowed to ensure a continuous control without involving the change of the control 
object, it is possible to obtain a high response capable of dealing with a rapidly changing pattern. Namely, since the 
above' described simplified control system can be used in the toggle type injection molding machine which inherently 
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• • ^oir^H ^hararteristics are allowed to exhibit to their maximum extents, 

has a high response and a high precs.on these ^J^taSSS the mold and ending with the solidif ication 
,n this way. a process beginning with the mjectio of a controlled with a high precision, thereby 

^^^^^^^^^^^ ^ - m0ld6d Pr ° dUCtS ' Sh ° rten ^ 

present invention. However, the present invention ^ | by S present inven tion. the mo.d closing 

[0084] Similar to the manner described in the above in this ' «™ 0 ™™ 0 p h mo|d ning speed patt ern. 
speed pattern, the mo.d closing force pattern. ^J^^U^^X^^ Sh0Wn 

above described simplrf.ed control system can be used 'J th e togQ^ 

has a high response and a high P^'on these ^^S^S^ri the mold and ending with curing time of 
in this way. a process beginning with the > injection of a =™ ^ and conlrolled Wllh a high precision, thereby 

r ak r :^ - - - — — • — the 

manufacturing cycle and improve the P r °duct.vity. aDDa ratus of the present invention, the mold portions 

required to be so used in view of the shape ot an object product. moId at this 

[0087] However, although a thermop.astic resin compressive 
ime a part of a mold closing force generated m an injec J" ^""^S material In fact, such a part of the mold 
force compressing the thermop.astic resin molded product ^^^^SSS force wiH change with the lapse 
e.osing force is received on the parting n^^^^^^L* of the mo.ded resin product and the 
of time, depending upon a volume change caused due to « temperature c g when ^ g 

^o£^^^«-*..«-" 7*- ~^j22!5rS- and if the feedbacx control is 
[0088] On the other hand, if a coating matenai P^re sensor 's^ch^ ^ ^ 

performed in accordance with a P re ^™ e <^ to another, it Is still possible 

ni\«sss= r^^^s , .°!rsy . u ^ » . stabilized 

outside appearance and a stabilized adhesion strength. with SMC and BMC resins. In 

the mold closing force. imp nnnanstus 100 can be a toggle type injection molding 

[0090] Although it has been described in the above that the ° n plac 9 e 9 of Z J ove mentioned 

machine, it is also possib.e to use a toggle type ele etne ^njecho ^"B^me « PjJ^ ce Qf ^ mQld 
toggle type injection molding machine. In this case, t ^ allowed to us ^ ^ ~ 8 Accordingly, the IMC 

closing cylinder, and to use a mold closing ^^^^^^^^ specifically described method 
method and IMC apparatus of the ^^^^J^^^^^ operations in accordance with some 

method will be described in the following examples of the P|»^2 referred to explain in detail an in-mold 
[0091] Next, description will be given and the ^^"f.^g ^^S 6 ° f the ihM asp ° Ct 
coating formation mold and an in-mold coating formation ^thod OMC) . accord ng t o a p ^ 

of the present invention. However . the ^X^^^^^^ ™ * " in - m °' d 

[0092] Fig. 7(a) (a figure on the left side) is a sect.onal view r sc q{ ^ present 

coating formation mold (hereinafter, referred to as IMC ^Jjjj^ " been closed. In detail, the IMC mold 
invention. In fact, the figure is used to show a ^^J^^^S^^^ with each other through a 
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to inject a molten resin. On the other hand, the movable mold 52 is provided with a coating material injection device 
55 which is used to inject a coating material into the mold cavity 4 in order that a coating layer can be formed on the 
surface of a thermoplastic resin product molded in the IMC mold 50. In fact, the coating layer formation is completed 
within the IMC mold 50. Although it is not shown in Fig. 7(a) that there is a moving device for moving the movable mold 

5 portion 52, the movable mold portion 52 is in fact opened and closed in a direction shown by an arrow M In Fig. 7. 
[0093] Fig. 7(b) (a figure on the right side) is an enlarged view showing in detail an area in the vicinity of the shear 
edge portion 3, with said area being represented by a reference A In Fig. 7(a). As shown in the figure, an auxiliary 
cavity 7 is formed and it is extending in the opening/closing direction of the movable mold portion 52. Further, the shear 
edge portion 3 of the fixed mold portion 51 has been processed into such a configuration that the entire internal surface 

10 of the mold cavity 4 is communicated with the shear edge portion. In this manner, the molten resin introduced into the 
auxiliary cavity 7 will be formed into an "auxiliary molded body" integrally formed with the molded product formed within 
the mold cavity 4. 

[0094] However, the auxiliary cavity 7 can be formed in a manner shown in a mold 150 illustrated in Fig. 9 which 
schematically indicates a mold used in an example according to the third aspect of the present invention. Namely, the 

is auxiliary cavity is allowed to be formed by taking into account the shape of a molded resin product, the position of a 
sprue section and the position of a coating material injecting device, and by processing the shear edge portion of the 
movable mold, in other words, it is not necessary to pay attention as to which mold portion should be designated as a 
fixed mold portion and which mold portion should be designated as a movable mold portion. Instead, what is necessary 
lo be done is only that when the mold is divided into a male mold and a female mold, the shear edge portion or the 

20 mate mold is processed to form the auxiliary cavity so as to form an auxiliary molded body. However, if the mold has 
not been divided into a mate mold and a female mold, what is necessary to be done is only to form an auxiliary cavity 
in a mold whose surface is opposite to the coating layer of the molded product. 

[0095] Referring to Fig. 7(a), when a coating material has been injected from the coating material injecting device 
55, the injected coating material will spread through an internal space formed between the inner surface of the movable 

25 mold 52 and a molded main body, so as to arrive at the shear edge portion 3. At this time, some gaps possible for the 
coating material to leak outwardly through the shear edge portion 3 is allowed to form, by virtue of a shrinkage in a 
thickness direction (a vertical direction in Fig. 7(a)), in the molded main body formed within the mold cavity 4 and in 
the auxiliary body formed within the auxiliary cavity 7. In addition, when an injection pressure of the coating material 
is high, the cured resin will be compressed so as to shrink, thus forming the above mentioned gaps. In any case, a 

30 shrinkage of a resin material is proportional in its extent to a thickness of a molded body. 

[0096] Therefore, in the case where the auxiliary cavity 7 has not been formed, since a molded body will shrink 
greatly in its thickness direction, a coating material will flow to enlarge the gap formed between the molded body and 
the inner surface of the movable mold portion 52, hence flowing easily into the shear edge portion 3 and then out of 
the mold. This is because the shear edge portion 3 has a gap which, under a certain predetermined pressure, will not 

35 allow a resin to be used for molding usually having a high viscosity to flow thereto, but will allow the coating material 
which usually has a low viscosity to flow thereto. 

[0097] On the other hand, in the case where the auxiliary cavity 7 has been formed and an auxiliary molded body 
having a small thickness is existing in the cavity, since an absolute value of a shrinking amount in the thickness direction 
of the auxiliary molded body is small, a gap formed in the above described manner will not be large enough to cause 

40 the coating material to leak out of the mold, thereby preventing the leakage of a coating material. Further, as may be 
clearly understood from the opening/closing direction of the movable mold portion 52, the gap formed due to a shrinkage 
in the molded main body and the auxiliary molded body will not change in its size even under a condition where the 
movable mold portion 52 has been opened to some extent in orderto inject a coating material. Therefore, with the use 
of the IMC mold 50 formed according to the third aspect of the present invention, we can easily carry out the injection 

45 of a coating material and its solidification even when the movable mold portion 52 has been opened to some extent. 
[0098] Preferably, the thickness D of the auxiliary cavity 7 is set to be within a range of 0.1 mm to 2 mm, while its 
length L (extending in the opening/closing direction of the movable mold portion 52) is set to be within a range of 0.5 
mm to 30 mm. If the thickness D is too small, it will be difficult to fill the narrow space with a resin and hence it is difficult 
to form an auxiliary molded body. On the other hand, if the thickness is too large, a gap caused due to the above 

50 described shrinkage will be enlarged, thus losing a desired effect of preventing the leakage of a coating material. Now, 
if the length L is too short, it is difficult to ensure a sufficient effect of preventing the leakage of a coating material. On 
the other hand, if the length is too long, it will be difficult to completely fill the long space with a resin and will thus cause 
a waste of the resin. 

[0099] However, the IMC mold 50 should not be limited to the above described shear edge type. In fact, it is also 
55 allowed to use another IMC moid 50 shown in Fig. 8, which comprises a fixed mold portion 51 and a movable mold 
portion 52, having parting surfaces 123. In detail, one end of an auxiliary cavity 7 is connected with the parting surfaces 
123. Such an IMC mold 50 having such a parting structure may be used as a mold in the third aspect of the present 
invention. Fig. 8 is a view schematically showing a condition where the mold has just been closed. As shown in the 
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figure, (he resin injected into the auxiliary cavity 7 having a small thickness has only a small shrinking amount in its 
thickness direction, so that the coating material can be prevented from flowing put to the parting surfaces 1 23. thereby 
ensurina a desired solidification of the coating material within the auxiliary cavity 7. 

rolOOl In addition, with regard to the IMC mold 50. in order to enhance the solidification of the coat.ng material in 
the auxiliary cavity 7 and to exactly prevent the coating material from flowing out of the mold, it is preferred to perform 
a treatment shown in Fig. 7(b). Namely, in order to keep at a high temperature an internal surface or. the coating 
material injection side of the auxiliary cavity 7. i.e.. a part of the auxiliary cavity's internal surface which is located close 
to the movable mold portion 52 and receives an injection of the coating material, it ,s preferred to provide a heater 131 
so as to form a heating block 132. At this time, when a thermosetting coating material is caused to flow through a gap 
formed between the heating block 132 and the auxiliary molded body formed in the auxiliary cavity 7. the v.scosrty of 
the thermosetting coating material will become high, so that the curing reaction of the coating matenal is enhanced, 
thereby exactly preventing it from flowing out of the mold. In Fig. 8. although the heater is not shown, such a heater 
may be proved within the heating block in the same manner as shown in Fig. 7(b). In addition, with regard to any type 
of a mold, a heating block is not necessary to be separated from the mold. Instead, it is always possible that the heating 
block 131 may be directly buried in the mold. 

r0101] With the use of the IMC mold 50 formed according to the third aspect of the present mvention. since an 
auxiliary molded body is formed which is however not necessary in forming a common thermoplastic resin product, an 
additional step becomes necessary to remove the auxiliary molded body afterthe molding process. In this.way, although 
it is necessary to carry out an additional step lo remove the auxiliary molded body, using the mold formed accord.ng 
to the third aspect of the present invention can provide at least the following advantageous as compared with the case 
where there is existing the coating material leakage. Namely, if a coating material is leaked during an injection molding 
process all the molds within the injection molding machine have to be cleaned. As a result, a growing cycle for forming 
a molded resin product will become undesirably long, resulting in a low productivity. Moreover, since the molded product 
qrowinq cycle becomes irregular, it is difficult to ensure a constant quality for the molded resin products, resulting in 
low product quality. Therefore, with the use of the IMCmold SO formed according to the third aspect of the present 
invention, it is sure to obtain some remarkable effects including an increased productivity and a more stabilized product 

r0102] In the following, description will be made to explain about an appropriate condition suitable for carrying out 
the in-mold coating formation method (IMC) using the IMC mold formed according to the third aspect of the present 

r0103i° n in view of the purpose of preventing a coating material leakage, according to the IMC method of the third 
aspect of the present invention, the temperature of a surface portion on the coating material injection side of the auxiliary 
cavity is made higher than other portions, so that the coating material spread from the mold cavity can be cured within 
the auxiliary cavity. One method of forming a temperature distribution within the mold is to perform a temperature 
control in the same manner as shown in Fig. 7 and Fig. 8. Namely, a heater is buried in the vicinity of a surface portion 
on the coating material injection side of the auxiliary cavity, thereby forming a heating block and thus fac.l.tat.ng the 
desired temperature control. In practice, the temperature of the mold at this time may be controlled at an appropriate 
value by taking into account a curing condition (temperature and time) of a coating material and the thermal plasticity 
of the resin to be used for molding. 

r0104l Further in order to prevent a coating material from flowing out of a mold, it is necessary that the auxiliary 
cavity be completely filled with a resin to be used for molding. However, in order to completely fill the auxiliary cavrty 
with the resin to be used for molding, it is preferred that a molten resin receives a higher pressure which is higherthan 
a pressure necessary for filling the mold cavity with the resin to be used for molding. Namely, it is preferred that a mold 
closing force be controlled in a manner such that a high mold closing force may be obtained which is higher than a 
mold closing force for use in a molding formation process using a mold not having an auxiliary cav.ty, so that the 
auxiliary cavity may be filled with the resin to be used for molding, using an injection filling pressure which .s higher 
than a usual injection Tilling pressure. 

[0105] Of course, it is also preferred to use the in-mold coating formation apparatus according to the second aspect 
of the present invention, for carrying out the IMC method described in the third aspect of the present invention. 
r0106] However, as to the IMC method according to the third aspect of the present invention, although the method 
may be used to manufacture many kinds of products without any limitation, preferably it is used to produce the following 
product items including a bumper, a door mirror cover, a fender, a door panel, a back door panel an over fender, a 
door handle, a side garnish, a side protector, a wheel cap, all for use in an automobile veh.cle, and also including a 
side cover and a cowl for use in a motorcycle. 

r0107l Next description will be given to explain an example of an in-mold coating formation method (IMC) accord.ng 
to a fourth aspect of the present invention, with reference to the accompanying drawings. However, the fourth aspect 
of the present invention is by no means to be limited to the following specific example. 

[0108] At first, description will be made to explain one embodiment of the IMC method using the IMC apparatus 100 
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having the control device 30 constructed in the above described manner. Further, the description will also include an 
operation of the IMC apparatus 100. 

[0109] At first, a feedback control is conducted by virtue of a control signal fed from the mold closing control section 
33 and also by virtue of a mold closing servo valve 15, while at the same time the movable mold portion 52 is moved 

5 by the mold closing cylinder 13 so that the movable mold portion 52 moves forwardly from Its opening limit position in 
accordance with a mold closing speed pattern (a data signal representing a mold closure operating pattern) set in 
advance in the mold closing condition setting section 32. Thus, the movable mold portion 52 gets in contact with the 
fixed mold portion 51 . Afterwards, another feedback control is conducted by virtue of a control signal fed from the mold 
closing control section 33 and also by virtue of a mold closing servo valve 1 5, while at the same time the movable mold 

10 portion 52 is moved by the mold closing cylinder 1 3 so that the movable mold portion 52 moves forward still further, In 
accordance with a mold closing pattern set in advance in the mold closing condition setting section 32. In this way, the 
tie rod 14 is extended, applying a predetermined mold closing force to the mold device 50. 

[0110] In this way, according to an operation timing predetermined for operating the mold closing device 10, the 
opening amount of the injection servo valve 27 is controlled in accordance with a control signal fed from the injection 
is control section 38, while at the same time the screw member 21 is moved forward by virtue of an injection cylinder 24. 
As fast as this is done, the molten resin accumulated around the front portion of the screw 21 is injected into the mold 
cavity 53 by way of the nozzle 26, thereby forming a thermoplastic resin molded product. However, In order to form an 
interlock between the operation of the mold closing device 10 and the operation of the injection device 20, the mold 
device control section 31 is so formed that the operation liming signals of the two devices may be transmitted there- 
to through. L . 

[0111] Next, the movable mold portion 52 is moved by the mold closing cylinder 1 3 so that the movable mold portion 

52 moves backwardly. Meanwhile, a feedback control is conducted by virtue of a control signal fed from the mold 
closing control section 33 and also by virtue of a mold closing servo valve 15, while at the same time the mold is opened 
by a predetermined opening amount set in advance in the mold closing condition setting section 32, thereby forming 

25 a gap between the surface of the thermoplastic resin molded product and the internal surface of the mold cavity 53. 
Then in accordance with an injection amount of the coating material injection device 55, an injection speed of the 
coating material, an injection timing and an injection pressure, all set in advance in the mold closing condition setting 
section 32, the coating material injecting device 55 is driven so that the coating material is injected into the mold cavity 

53 by virtue of a control signal fed from an injection apparatus control section 35. 

30 [0112] Next, a feedback control is conducted by virtue of a control signalled from the mold closing control section 
33 and also by virtue of a mold closing servo valve 15, while at the same time the movable mold portion 52 is moved 
by the mold closing cylinder 13 so that the movable mold portion 52 moves forwardly still further, thereby carrying out 
a mold opening amount pattern and an in-mold coating material pressure pattern which are all set in advance in the 
mold closing condition setting section 32. However, in carrying out the in-mold coating material pressure pattern, it is 

35 needed to feed back a detected value of the coating material pressure sensor 54. 

[01 13] In this way, an injected coating material is caused to spread over the entire surface of a thermoplastic resin 
molded product, with attaining at the same time an optimum molding condition for the appearance and the adhesion 
strength of the coating layer. However, in the case where a mold not having a coating material pressure sensor 54 is 
used, a mold closing pattern can be set and executed in place of the above in-mold coating material pressure pattern. 

40 [0114] After that, a feedback control is conducted by virtue of a control signal fed from the mold closing control section 
33 and also by virtue of a mold closing servo valve 15, while at the same time the movable mold portion 52 is moved 
by the mold closing cylinder 13 so that the movable mold portion 52 moves backwardly to arrive at its opening limit 
position in accordance with an operation timing and a mold opening speed pattern set in advance in the mold closing 
condition setting section 32. Then, an integrally formed molded product maybe taken out of the mold device 50, thereby 

45 completing the cycle of molding one resin product. 

[01 15] In carrying out the above described IMC method, according to the present invention, the structure of a mold, 
a molding formation method and a molding formation condition may be made sufficiently appropriate so that the coating 
material injected in the mold cavity 53 can be prevented from leaking out of the mold. Fig. 12 is an explanatory view 
schematically indicating one example of a sealing method for effecting a sealing between the mold structure and the 

so coating material. u 
[0116] As shown in Fig. 12, the mold portions 51 and 52 are preferred to be flat parting type mold portions which 
together form a sub-cavity. Here, the parting surface of the movable mold portion 52 is formed with a sub-cavity 58 
which is communicated with the mold cavity 53. Further, the movable mold portion 52 is formed with a groove 59 which 
is communicated with the sub-cavity 58. Here, the sub-cavity 58 and the groove 59 are not necessarily to be limited 

55 to any particular shapes, instead, they can be formed into various shapes shown in Figs. 13(a) to 13(d). On the other 
hand in order to reduce the production cost for manufacturing the molds, it is preferred that the molds be made simple 
in the'ir shapes and easy to be processed. However, the sub-cavity 58 and the groove 59 are preferred to be made as 
small as possible, provided that they are effective in receiving extra amount of a coating material flowing into the parting 
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surfaces of the mold portions 51 and S2. thermoplastic resin molded product. In order to prevent 

[01171 At first, the mold portions 51 and 52 are usee Ho « or ^ Surfaces of the mold portions 51 and 52. the parting 
he resin to be used for molding "om 1.ow.ng .rtoth. partmg st ^ ^ ^ an th 

surfaces of the mold portions 51 and 52 are squired to be " ^ P * suf1aces js controlled at a prede- 

formed may be completely ^^^^^^SZ resin to be'used for molding undera predetermined 
termined width so that .t.s poss.ble to make use^ 

molding pressure, so as to prevent the molding ^"J™"™^ a predetermined interval therebetween, so that 
5118] Then, the mold portions 51 and 52 J J^JJ^" ££j IS coating materia, injecting device 55 into the 
a predetermined amount of a coating material may be ™" J mo|d ortions 51 and 52 are closed. At th.s 
mold cavity 53. As soon as the coating matena. JJJ^JJ^' ^ nner su P ch that it becomes 5 MPa to 15 MPa 
time, an in-mold coating mater.al pressure should be .=°™ a he , owest pressure within the mold. 

aUeast in an area where the the ™^^ of a resin, coating materia, injection and 

[0119] Figs. 14(a) to 14(d) are used to explain a process 8 jndjcating how a resin product may be 
closing of the mold. In detail, these figures are used I to '"^^ ~ and tne ve 59 haV j n g the shapes shown 
mo.ded and how a coating layer can be f ormec by us-ng he n £ mo|d cavity 53 and the sub-cavity 

in Fig 1 3(a). Here, although a restn to be used for molding i tn is g1 and 52 

58 Vnd the groove 59. the resin w... not flow s P ^?o foTm a Redetermined interval therebetween, an 

[0120] in this way. the mold portio ns 51 and « ^fJ^^J^ni Subsequently, even though the mold is 
amount of coaling materia. 82 is .hen mjec f between the two m p ^ ^ ^ 

closed so that the coating material 82 . «^ * u j£2KTSo the groove 59. In this manner, even if the mo.ded 

^^^^^^""^^ ^ ^ " 6XaCt,y PreVent6d fr ° m ,,0Wm9 
[o the parting surfaces of the thus formed mold. an jn mo|d coating matcria , prcss urc 

[0121] in this way. after a high pressure of 6 .MPa to _15 MP has bo pp ^ ^ thermoplastic 

can be controlled in a manner such that it b «^ | *5£££^ "an area where the thermoplastic resin mo.ded 
mo .ded product receives the lowest Pf^^^^^S 20 ne which receives the lowest pressure in the 
product receives the lowest pressure m the f mo ^ i<s , T^ o nS m a o n a ; n t ^ (ront porX]on of an auxiliary cavity which « located 
mold, in practice, such an in-mold zone ,s often , high pressure, it is possible tor the coating 
the farthestfrom the resin injection j section ; ^J^^'^n^Eited product, so that coating material can corn- 
material to flow over the entire surface of «» ttoonop ^ s,n J jt sure to have a uniform adhesion 
p,etefy cover and tightly adhere to *JJ*^2d^S^2^ Further, by setting pressure at a relatively 
strength irrespective of positions of the «hem»pte«t« ™ J an eflect obtairia ble in an example accord.ng 

in a good state. • frtm , at inn method (IMC) according to the fifth aspect of the present 

[0122] The basic concept of the in-mold coat.ng fe ^^2j^J2 a mold, so that this heat can be effectively 
nvenion is to eff ectiveiy make use of a heat he. I wrth, a mo.ded ream n a ^ ^ ^ ^ ^ thgn 

used to cure a thermosetting coat.ng matenaUn i his * a ^°^£ ^ ucUvtty . Further, it is also possible to cure a 
the curing temperature of the coat.ng ^materia so as to .mp-ove t P having good pnysjcal properties 

-=dt-^^ 

[0125] Next, description ^^^^.^^Z^^^B^ ,MC a PP aratUS 1 °° 

method of the present invention. In fact the IMC method > yearned y ^ g £ensor fe used as a contro , 

^^^^X^^:^^ gfven to mainiy explain a contro, method involving the use 
[01^]^ 

33 and also by virtue of a mold clos.ng^servo ^^"^^^ferwwdly from its opening fent position to 
. by the mold closing cylinder 1 3 so that the movable mold POrt'on ™» V enring a mold closing speed (moki 

get in contact with the fixed mold portion 51 . m ^^^^ se Jon 32. Soon afterwards, another tt* 
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of a mold closing servo valve 1 5, while at the same time the movable mold portion 52 is moved by the mold closing 
cylinder 13 so that the movable mold portion 52 moves forwardly still further, in accordance with a data signal repre- 
senting a mold closing force formation condition (mold closing force pattern) set in advance in the mold closing condition 
setting section 32. In this way, the tie rod 14 is extended so that a predetermined mold closing force is applied to the 
mold device 50. 

[0127] A molten resin stored in the front portion of the screw 21 is injected through a nozzle 26 into the mold cavity 
53 when the screw 21 is caused to proceed forwardly by the injection cylinder 24, while controlling an opening degree 
of an injection servo valve 27 according to the control signal fed from the injection control section 38 in predetermined 
timing during the operation of the mold closing device 10 mentioned above, thereby a thermoplastic resin molded 
product is formed. However, in order to form an interlock between the operation of the mold closing device 10 and the 
operation of the injection device 20, the mold device control section 31 is so formed that the operation timing signals 
of two devices may be transmitted therethrough. 

[0128] Next, at the time when it is judged that the surface portion of a thermoplastic resin molded product has been 
cured by virtue of a surface temperature of the molded resin product, a feedback control is conducted by virtue of a 
control signal fed from the mold closing control section 33 and also by virtue of a mold closing servo valve 15, while 
atthe same time the mold portions 51 and 52 are opened so as to form a predetermined interval therebetween. However, 
an opening amount of the mold portions 51 and 52 is preferred to be within a range of 0.5 mm to 2 mm. In this way, it 
becomes possible to inhibit the heat diffusion from the surface of the molded resin product to one of the mold portions. 
Thus, a heal held in the thermoplastic resin molded product will cause the surface temperature of the molded product 
to rise to a value which is equal to or higher than the curing temperature of the coating material. Subsequently, in 
accordance with a coating material injecting amount of the coating material injection device 55, its injection speed and 
its injection pressure, all set in advance in the mold closing condition setting section 32, the coating material injection 
device 55 is driven by virtue of a control signal fed from the injection control section 35, so that the coating material is 
injected into the mold cavity 53. 

[0129] Afterwards, another feedback control is conducted by virtue of a control signal fed from the mold closing 
control section 33 and also by virtue of a mold closing servo valve 15, while atthe same time the movable mold portion 
52 is moved by the mold closing cylinder 1 3 so that the movable mold portion 52 moves forwardly still further, executing 
a data signal representing a mold opening amount formation condition (moid opening amount changing pattern) and 
a mold closing force pattern, all set in advance in the mold closing condition setting section 32. in this way, the injected 
coating material is allowed to spread over the entire surface of the thermoplastic resin molded product, thereby ensuring 
the most appropriate condition for forming a coating layer having an excellent outside appearance and a high adhesion 
strength. 

[0130] Subsequently, a feedback control is conducted by virtue of a control signal fed from the mold closing control 
section 33 and also by virtue of a mold closing servo valve 15, while at the same time the movable mold portion 52 is 
moved by the mold closing cylinder 1 3 so that the movable mold portion 52 moves backwardly to arrive at its opening 
limit position, in accordance with an operation timing and a mold opening speed pattern set in advance in the mold 
closing condition setting section 32. Then, an integrally formed molded product may be taken out of the mold device 
50, thereby completing the cycle of molding one resin product. 

[0131] The above description has explained only the basic operation of the IMC apparatus 100. According to the 
IMC method of the present invention, the injection of the coating material during one cycle of molding is carried out 
under a condition where the surface temperature of a thermoplastic resin molded product is higher than the curing 
temperature of the coating material, but with the mold temperature in the mold cavity being lower than the coating 
material curing temperature. However, a temperature difference between the mold temperature within the mold cavity 
and the coating material curing temperature is preferred to be set at 20°C or lower, more preferably in a range of 5 to 
10°C. 

[0132] As described in the above, with the use of the IMC method according to the fifth aspect of the present Invention, 
it becomes possible lo employ a temperature of the mold lower than a curing temperature of a coating material by 
virtue of the effective utilization of heat held in a thermoplastic resin molded product. In this way, it is allowed to reduce 
a time period necessary for heating and cooling the mold, thereby accelerating the molding cycle and thus improving 
the p roductivity. Further, since the curing temperature of a coating material can be used to maintain some predetermined 
conditions, it is sure for a formed coating layer to obtain good physical properties. 

Best Model for Carrying Out the Invention 

[EXAMPLES] 

[01 33] In the following, the present invention will be described in more detail by giving out some examples. However, 
the present invention should not be limited in its scope to any extent by these examples. 
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EXAMPLE 1 



height of 300 mm. a width of 210 manuSctured by Ube Cycon. Ltd.) was injection- 

(commercially available under a trade name CYCOLAC MX40 • ™™ tempera ture of the resin was 250-C. 

molded by applying a force of 200 tons as a ^J^^VTe esfn moloTg process was 20 seconds. At this 
while the temperature of the mold was 90-C. A cool.n t me used , ^ es ^° J P QC)OC Af tewards> the mold 
moment, the surface temperature of the thermoplasUc : r»,n J^P^^rtTtWrtw of 90°C. as listed 
was opened by 1 .5 mm, 12 cc of coahng matena. A JJJ^^^ESh the injection of the coating material, 
in Table 2 was in acted under a pressure of 12 MPa ff seconas wer q mo(d d 

0.1 Second after the injection of the coating matena,, the , mo d began tc 'Je closed a i PP Y a ^ 
force not larger than 20 tons within one *™<£™™< n ZXXosZSp^ had been covered up by 

X£#^^ any mott,es - wrink,es and cracks 



thereon. 



EXAMPLE 2 

[0135] A mold used in Example 1 was used. ^^SZS £££2* "^ZT™* 
resin (commercially available under a trade name UBE N YLON PA 1 01 3B rnanu y resjn ^ 

injection-molded by applying a force of ^ 

250°C, while the temperature of the mold was 1 20 C. A cooung time » nmHuct was abo ut 140»C. Afterwards, the 

At thfe moment, the surface temperature of the of 120-C. 

mold was opened by 1 .5 mm. 12 cc of coating mater al E I havmg « jon of the coating 

as listed in Table 2 was injected under a pressure of 1 1 MPa. Two seconds i were req 

materia,. Three seconds after the injection of the ^™^^£ZS£ L b^en kept in posLn'for 120 
mold closing force not larger than 20 ^. J*^.«n^Th.n. f^u^T^s molded product had been 

r e re d ^ - r - but without havins any weld nne of an 

aluminum flake pigment, its orientation irregularities, wrinkles and cracks. 
COMPARATIVE EXAMPLE 1 

As 1 result, molded product having a uniform coating layer could not be obtained. 
COMPARATIVE EXAMPLE 2 
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Table 2 



" ~— Coating materials 


A 




B 




Component s — r- — . — _ 










Urethane acrylate oligomer ( 1 ) 


100. 


0 


50. 


0 


Urethane acrylate oligomer (2) 


~* 




50. 


0 


Tripropylene glycol diacrylate 


57. 


0 


30. 


0 


Styrene 


3. 


0 


30 . 


0 


Titanium oxide 


150 . 


0 






Carbon black 


0 . 


1 






Aluminum pigment (1) 






0 * 


2 


Aluminum pigment (2) 






0 . 


8 


Urethane acrylate oligomer (1) 


1. 


7 


1. 


6 


Zinc stearate 






1. 


6 


Photo stabilizer TINUVIN 1130 






0. 


8 


8% cobalt octoate 


0. 


5 


0, 


2 


Bis ( 4 - t -butylcyclohexyl ) peroxy 




5 






carbonate 










t - almy 1 -peroxy- 2- e t hy Ihexan o a t e 






2. 


0 



Urethane acrylate oligomer (1) Molecular weight: 2,500 
Urethane acrylate oligomer (2) Molecular weight: 6,500 
Aluminum pigment (1) Average particle diameter: 30 pun 

Aspect ratio: 30 
Aluminum pigment (2) Average particle diameter: 25 fjun 

Aspect ratio: 2 
Tinuvin: registered trademark of Ciba-Geigy Co., Ltd. 



EXAMPLE 3 

[0138] Fig. 4(a) shows a flow chart for the molding steps of Example 3 under a condition described later in detail by 
using an IMC apparatus 1 00 shown in Fig. 1 . Fig. 4(b) shows a sequence for mold closing and opening. A mold having 
a shear edge structure was used which is capable of producing a case-like product having a height of 300 mm, a width 
of 21 0 mm, a depth of 50 mm. Firstly, a Nylon 6 (commercially available under the trade name U UBE NYLON PA1 013B", 
manufactured by Ube Industries. Ltd.) was injection-molded by applying a force of 350 tons as a moid closing force. 
At this time, the temperature of the resin was 250°C, while the temperature of the mold was 130°C 
[0139] Thirty seconds was spent as a cooling time for the molded resin. Afterwards, the mold was opened by 0.5 
mm. Then, the mold was kept at such an opened position for 1 0 seconds. Afterwards, 13 cc of coating material having 
a good adhesiveness to Nylon 6 and having a gel time of 8 seconds at a temperature of 130°C was injected into a 
space formed between the thermoplastic resin molded product and the internal surface of the mold. Two seconds were 
spent for the injection of the coating material. Three seconds after the injection of the coating material, the mold began 
to be closed again, with applying a mold closing force of 100 tons for one second. Approximately 1.0 second was 
required to increase a pressure as desired (increase a moid closing force). Subsequently, another mold closing force 
for a second mold closure step was applied within a time period of 50 seconds in a manner such that a coating material 
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s thickness ot 1 00 pm. As proved in lh,s cxamp le. .1 « pros. ore i . roaloriol iojeclion and 

is caused ,0 change ih ouch a manner ha. r ^33n«J "meld Fadheosince i. is also a«o„ed 

,^■3^^^^ ■ — — « ~ b "°™ 

ro JST adheaipo a,rao 9 ,h o, a ooa.ing ^^-S^^^J^JSX 

that the obtained coating layer has a high adhesion strength. 

is EXAMPLE 4 

'".n d-». = m- hav,n 9 a shear edge ^---^SSS'SS; 
he^ahai^om^ 
^oflSCa^dc^g?"^^ 

of the mold was 90°C. mftMo . ro . in Afterwards the mold was opened by 1 .0 

[0144] Thirty seconds were spent as . s i coohng hme ^J^^^i^S^^ having a'ge. time of 7 
mm. Subsequently, 13 cc of coating matena ^^5°^°^^^ the therm0 plastic resin molded product 
seconds at a temperature of 90°C was mjected into a ^^ll e ^J > of tne coa P ting mate ria.. Soon afterthe 
and the internal surface of the mold. Two seconds wer^ ^'^^^^^"Z^ ^ ere needed in increasing 
injection of the coating material, the mold was dosed rap d ^ J 1 *' 8 ^'|^ a ^ old closing f orce was applied during 

* * — pressure 

PsrA^yobtainedmo,edp^ 

thickness of 100 ^m. The molded produc has formed ^ kfnds o coating materials it is not necessary to 

good as that in Example 3. Therefore, .t ,s understood t^t for some a when jt 
use a multi-stage mold Cosing force. Further, ^^^^^^^^^ tape Test prescribed 
adheres to an integrally molded product "~^£^ to £ j£ , ^JSJSS found In the coating layer 
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in 

EXAMPLE 5 



shown in Fig. 3. ^ , ie0 H whirh is caoable of producing a generally triangular product 

[0147] in detail, a mold of a flat P^W^^^ » ^ of 320 mm and awidth of 180 mm. At first, a 
which can serve as a side cover for use n a motorbto, hdv.ng a I W manufactured by ube Cycon. Ltd.) 

rh^r^^^^ 

while the temperature of the mold was 90«C. Afterwards, the mold was opened by 1 .0 mm. 

[0148] Thirty seconds were spent as a cool.ng t.me th * and having a ge , time of 7 seconds 

Subsequently, 4 cc of coating materia, hav.ng a ^^^^^^^ ^"molded product and the 
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seconds in a manner such that a coating material pressure sensor would arrive at its predetermined pressure value 
of 3.0 MPa. 

[0149] A finally obtained molded product was found to have been completely covered by a coating layer having a 
thickness of 1 00 urn Further, similar to Examples 3 and 4, an adhesion strength of a coating layer when it adheres to 
s an integrally molded product was evaluated. As a result, no peeling-off was found in the coating layer in 100 lattices 
of the lattice pattern, thereby proving that the obtained coating layer has a high adhesion strength. Further, as indicated 
by the results of this example, if a feedback control is conducted using a coating material pressure sensor, the IMC 
method for dealing with a thermoplastic resin using a flat parting type mold can be carried out without any difficulty. 

10. EXAMPLE 6 AND COMPARATIVE EXAMPLE 3 



[0150] A mold having a shear edge structure was used which is capable of producing a case-like product having a 
height of 300 mm, a width of 21 0 mm, a depth of 50 mm. Such a mold was equipped with a coating material injection 
device capable injecting a predetermined amount of a coating material. An injection molding machine of 350 tons was 

is used which is a toggle mold closing type, capable of optionally changing the mold closing force. After ABS resin was 
injection-molded, a coating material consisting of components listed in Table 3 and having a gel time of 7 seconds was 
injected into the mold cavity, thereby forming a coating layer on the surface of a thermoplastic resin molded product. 
Although molding conditions in this example are substantially the same as those used in other examples, this example 
employed a mold shown in Fig. 9 and also used a heater (not shown) to perform a predetermined healing treatment 

20 so that the temperature of the heating block 132 was elevated to 120°C, while other portions of the mold were kept at 
90°C. 



Table 3 



Components 


Weight percent (%) 


Urethane acrylate oligomer *1 


16.0 


Epoxy acrylate oligomer *2 


16.0 


Styrene 


22.0 


Zinc stearate 


0.3 


Titanium dioxide 


45.0 


Carbon black 


0.1 


8% cobalt octoate 


0.6 


t-butylperoxy-2-cthylhcxanoatc 


1 .0 



•1 Urethano acrylato oligomer: molecular woigM; 2,500 
*2 Epoxy acrylate oligomer: molecular weight; 540 



[0151] Here, the general structure or a mold formed according to Example 6 is as shown in Fig. 9. An IMC mold 150 
is comprised of a fixed mold portion 51 and a movable mold portion 52. The fixed mold portion 51 includes a sprue 
portion 154 for injecting an amount of resin, a coating material injection device 55 for injecting a coating material, and 
a heating block 132. The movable mold portion 52 has been processed into a structure containing an auxiliary cavity 
7. In fact, the mold has been formed into a structure which ensures that an auxiliary molded body 44 will be integrally 
formed with a molded product 43 formed in the mold cavity. 

[01 52] The auxiliary cavity 7 is formed as having a length of 1 0 mm, a thickness of 0.3 mm, so that it is communicated 
with the mold cavity and extends along the entire circumference thereof. However, as will be discussed later in the 
present specification, the auxiliary cavity 7 is formed at its corner with a portion having a thickness which is at most 
0.6 mm, thereby making it possible to avoid a problem possibly caused due to an insufficiency in process precision. 
Further, the precision of the length of the auxiliary cavity 7 was controlled within a range of ±0.2 mm. 
[0153] On the other hand, a mold 160 used in Comparative Example 3 is as shown in Fig. 1 0. Its fixed mold portion 

51 is just the same as the fixed mold portion 51 of the IMC mold 150 shown in Fig. 9, However, its movable mold portion 

52 has a shear edge portion which is just the same as a conventional one, while the mold as a whole does not have 
an auxiliary cavity. 

[0154] In the Comparative Example 3, molded products were made in the same conditions as used in Example 6, 
except that a mold used is an IMC mold 1 60 not having an auxiliary cavity. Namely, the temperature of a heating block 
132 is set to be 120°C, while other portions of the mold were kept at a temperature of 90°C. 

[0155] After the coating material has been cured, the mold was opened and the molded product was taken out. The 
molded product thus obtained was checked to investigate how the coating material was flowing within the mold and 
whether the coating material had leaked out of the mold. 
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ormed according to the fourth aspect of the present .nvent on_ A c oss sec ^ )ayer 42 ^ f orme(J 

one side surface of the molded pr oduc ^^^^^vrW of a resin molded portion 41 and acoating 
on the corner portion of the mod. '^^"2^^,^"^ main body 43 and an auxiliary molded portion 

Knt^ 

pmduct, but preventing tho coaling materia, (rom flow.ng .^^^^^ t0 the fourt h aspect of the present 
JSSf "However, when the.MC mold 

Invention, and when a molded product ^^^^J JSer portions of the mo.d, it was found that the coating 
1 32 was set at 90°C which is the same tmn ^^'^^^L mo lded portion was thick. Accordingly, in order 
materia, had leaked only in part of the ^ mer ^ ^i L aoSr^ca^ has an undesirably large thickness, a 
to ensure a high precision in formmg an aux,. ary cav*y .f an aux.hary V ^ ^ .^.^ ^ tQ 

necessary treatmenttor prevent.ng any poss.ble trouble « only _to ma J addjtjon R can be understood 

an extent that any possible leakage ^^^^^X provision of a heating b.ock is no longer 
that if an auxiliary cavity has been formed with a satistaciory pre 

necessary. d whicn belongs to a conventional type as used in the 

[0 158] On the other hand, when an IMC mold 160 was ; used w ^ cn ^ set at 1 20 . Ci ^ coating material was 
Comparative Example 3. even if the temperature of the hea ng w , off the leaked coa ting material, 

found'to have leaked from the shear edge portion^ ^result, was necessary t p ^ ^ of tne 

Thus, by analyzing the test results obtamed ,n w h ere th e IMC m comparative Example 3 is 

heating block 132 was changed, It can be expected that ,f he IMC mold ^ temporaturG as tnosc of 

employed and if tho temperature of ^Jj^,^^^ « eillno materia, than the case in which the heating 

^kTs^^ 
the experiment. 

COMPARATIVE EXAMPLE 4 

[OlS^Amo.dhavlngashearedgestr.cturew^ 

a height of 300 mm. a width of 21 0 mm and a depth of 50 ^m. as . £ » mo d closing force. Also, an injection 

used was 350-ton injection molding ^^^^^Z^Zlg material. A coating material including 
device was used which is capable of .njecfng^ a neces amoun a fo(jowed fay chang|ng 

coaung materia, and the molded product were all investigated. 

Table 4 



40 


Components 


Weight percent (%) 




Urethanc acrylatc oligomer *1 


16.0 
16.0 
22.0 
0.3 
45.0 
0.1 
0.6 
1.0 




Epoxy acrylate oligomer *2 


45 


Styrene 
Zinc slearale 
Titanium dioxide 




Carbon black 




8% cobalt octoate 
t-butylperoxy-2-ethylhexanoate 



50 



55 



1 ureinane awyian- - 

*2 Epoxy acrylate oligomer: molecular weight; 540 

Rg..S<e)K»~*r^ 
cooperative example. At Ural a mow having a ^l^bS^SSoM^ W'«< end an amount ol ueual grade 
Bk. product as shown in Fig. 15(0). Then 8 <**'!* °H% B -, minulactured by Ube industries. Ltd.) 

StSoS^ 
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product 71 has been processed into a configuration including ribs 91 (each having a thickness of 3 mm) and ribs 92 
(each having a thickness of 5 mm). In Fig. 15(b), a reference numeral 72 represents an opening for injecting a coating 
material. 

[0161] After the molded product 71 was formed, the mold was opened by 1 mm, so that a coating material for forming 

5 a desired coating layer was injected. At this time, the temperature of the mold was 1 20°C. Upon the completion of the 
injection of the coating material, the mold closing force was rapidly increased and was then kept at this state for one 
second. Subsequently, the mold closing force was reduced rapidly. At this moment, about 2 seconds were needed in 
a process from the start of increasing the mold closing force until the arrival of a low mold closing force. Since the mold 
closing force in the mold is all applied to the projection plane of the molded product, an in-mold pressure will be a value 

10 obtainable by dividing the mold closing force with the projected area. 

[0162] In the present comparative example, as shown in Fig. 15(a), a mold closing force at a time of zone D (high 
pressure applying zone) and a mold closing force at a time of zone E (low pressure maintaining zone) were changed 
so as to change the in-mold pressure. The molded product 71 obtained under such a condition was checked to inves- 
tigate whether and to what extent some humps (tubercles on the surface of the molded product) had occurred in the 

is vicinity of the ribs 91 and ribs 92, also to investigate an adhesion strength of the formed coating layer. Here, humps 
were investigated by measuring the size of tubercles in the vicinity of ribs each having a width of 3 mm, with the use 
of a contour shape measuring device manufactured by Tokyo Seimitsu Co., Ltd. Tubercles having a size of 10 ujm or 
larger are represented by M x", those having a size less than 10 p.m are represented by "0\ Further, the adhesion 
strength of each coaling layer was evaluated in a test called lattice pattern cellophane tape test prescribed in JiS K- 

20 5400 (General Testing Method for Coating Material). Here, H x" represents a case where at least one peeling-off was 
found in the coating layer in 100 lattices of the lattice pattern, "O' represents a case where not even one peeling-off 
was found in the coating layer in 1 00 lattices of the lattice pattern. The test results are shown in Table 5. 



Table 5: 



Measured results of in-mold pressure, hump and adhesion strength 


Sample No. 


Pressure in zone D 
(MPa) 


Pressure in zone E 
(MPa) 


Hump 


Adhesion strength 
(central portion) 


Adhesion strength 
(Peripheral portions) 


1 


10.0 


10.0 


O 


O 


X 


2 


8.0 


8.0 


O 


O 


X 


3 


5.0 


5.0 


O 


o 


X 


4 


3.0 


3.0 


X 


X 


X 


5 




2.0 


X 


X 


x 


6 


1.0 


1.0 


X 


X 


X 


7 


0.5 


0.5 


X 


X 


X 


8 


10.0 


1.0 


O 


O 


X 


9 


5.0 


0.5 


O 


O 


X 



[0163] In Table 5, a pressure in zone D means an in-mold pressure at a time of zone D (high pressure applying zone) 
shown in Fig. 15(a), a pressure in zone E means an in-mold pressure at a time of zone E (low pressure maintaining 

45 zone) shown in Fig. 15(a). Further, as to the results of an adhesion strength test, a central portion adhesion strength 
means a test result obtained by measuring an adhesion strength in the vicinity (refer to Fig. 15(b)) of the center of the 
bottom of the molded product, whereas a peripheral portion adhesion strength means a test result obtained by meas- 
uring an adhesion strength in the vicinity (refer to Fig. 15(b)) of a vertical surface of the bottom of the molded product. 
Further, in the present comparative example, the adhesion strength of each coating layer, as in the cases of sample 

so numbers 1 to 3, 8 and 9, when a pressure in zone D was 5.0 MPa or higher, the central portion gave relatively good 
test results while the peripheral portions gave only bad test results. Further, as in the cases of sample numbers 4 to 
7, when a pressure in zone D was less than 5.0 MPa, the central portion failed to give relatively good adhesion strength. 
[0164] The above results may be explained as follows. Namely, in a mold having the shear edge structure, it is 
impossible to completely prevent the leakage of a coating material. As a result, the in-mold pressure will become high 

55 in the central portion, but will become low in the peripheral portions. However, it is understood that a high pressure in 
zone D will be useful for avoiding the occurrence of humps. 



26 



EP 1 207 031 A1 



10 



15 



20 



25 



30 



35 



40 



45 



50 



55 



EXAMPLE 7 .^wal 

***** and has ribs for preventing coating material 

Lkaoa around Ihe entire circumference ol a molded produa 73.J as o| , 80 mlt) „ avln9 a 

pSnga Penera., .languor m.,ded produd ,73 „ in|<!Ction ?v ^ ^ , 

strength of each coating layer was ^^^^ manner as in Comparative Example 4. At first an amount 
[0166] The molding process was conducted m tho sa^ mannc ^ Q „ manufactured by Ube ,„. 

of standard Nylon 6 (commercially -available under the, JJ*^ mold was ope . n ed so as to form a gap 

dustries Ltd ) was injection molded in an injection molding machine. . n ^ the gap 

o 1 mm and an amount of coating materia, having a gel "^ a ^ l SSSiSa pressure would arrive at a value 
Subsequently, a mold closing force was ^^TZ^ZrTe em r molded product within the mold, the mold 
as shown in Table 6. Once the coating materia, had spread ' ^ ™^ 1 value P calcU lated from the mold closing 
dosing force was rapidly reduced. At this time, an in-rnol "PJ~ urB / JJ ™ coatlng material ha d been cured for 120 
S5 but a value directly measured with the use lne adnesion strength were measured ,n 

^s^anTe^^ 




Adhesion strength 
(Peripheralportions) 



' ■ • ^iHnro^ure at atime of zone D (high pressure applying zone) 

r 0 167l InTable 6. a pressure inzone D means an in-mol > P™««» « at.me ^ majntaining 

ihoJn in Fig. 15(a). a pressure in zone E means an ""^P"^^^, a central portion adhesion strength 
zone) shown in Fig. 1 5(a). Further, as to the ^^ a "J^if Sty (refer to Fig. 1 5(b)) of the center of the 
means a test result obtained by measunng an '^^S^m^ "«■"» a test result obtained by meas- 
bottom of the molded product, whereas W^^iSEtal surface of the bottom of the molded product, 
uring an adhesion strength in the yttitty W*J£?W> has a structure of preventing the leakage of a 

However, it is understood that since the mold used I n this exa vp .e ^ ^ sgme at that ,„ the 

S material, an internal pressure in the P** h ^JJJ^™ and 1 2. if a pressure in zone D is kept at a 
SSportion thereof. Accordingly, as J£ ^ZS^U^ * P™ en » he OCCUrrenCe °! 
sufficiently high level while a pressure , .n «« 8 E»top J*™J ^^t. On the other hand, in the case of sample 
thereby ensuring a relatively high adhesion ^^^^^ E . Moreover, in the cases of sample numbers 

r^w^s 

EXAMPLE 8 

out Example 8 using the IMC : apparatus .shown m ^^"^S 0 i 30 0 mm. a width of 210 mm. a depth of 50 
used which is capable of produc.ng a case-like P^"«j*J'"J tons was applied to injection mold an amount of heat 
mm and a thickness of 3 mm. Then, a moW closing fo ce of ££££ ^ actured by ube CyC0 n.. Ltd.V At this 
resistant ABS resin (commercial of Ihe mold cavity of the mold was *K™?> 



27 



nMcnnrin- ^FP 1207031A1 I > 



EP 1 207 031 A1 



thermoplastic resin molded product arrived at 1 00°C, the mold was opened by 1 mm and kept at that position for 10 
seconds. After that, 13 cc of a coating material listed in Table 7 was injected into the mold within a time period of 2 
seconds. At this time, it was understood that the coating material was at a temperature of 1 00°C and would be cured 
within one minute. Upon completion of the injection of the coating material, the mold was closed again with a mold 
closing force of 50 tons. After being kept at that position for 120 seconds, the mold was opened and an integrally 
formed product was taken out. 

[0169] The integrally formed product has a coating layer of 100 u,m formed over the entire surface thereof. An ad- 
hesion strength of the coating layer when it adheres to an integrally molded product was evaluated in a test called 
lattice pattern cellophane tape test prescribed in JIS K-5400 (General Testing Method for Coating Material). As a result, 
no peeling-off was found in the coating layer in 100 lattices of the lattice pattern, thereby proving that the obtained 
coating layer has a high adhesion strength. 

[0170] in this example, an amount of internal heat within the molded resin product can be effectively used in the 
curing of a coating material, and it is possible to set the temperature of the moid at a low value. In this way, the mold 
temperature may be set lower than the curing temperature of a coating material, making it possible to shorten the 
manufacturing time period for one cycle of molding formation. Therefore, it is sure to continuously improve the produc- 
tivity and to cure a coating materia! under a predetermined condition, thereby making it possible for a coating layer to 
obtain desired and predetermined characteristics. 



Table 7 



Components of coating material A 


Weight percent 


Urethane acrylate oligomer . 


100.0 


1 ,6-hexan dioi diacrylate 


65.0 


8% cobalt octoate 


0.2 


Zinc stearate 


1.6 


Titanium dioxide 


150.0 


Carbon black 


0.1 


Bis-(4-t-butyl cyciohexyl) peroxy Carbonate 


3.0 


*1 Urethane acrylate oligomer: Molecular 


weight; 2,500 



Industrial Applicability 

[0171] In the in-mold coating formation method according to the first aspect of the present Invention, since a time 
necessary for injecting a coating material and a lime period from the beginning of injection or the coaling material until 
the ending of a mold reclosing step can be set in accordance with a gel time of the coating material, it has become 
possible to effectively manufacture a coated product having a uniform quality in its outside appearance, whose cured 
coating layer is free from any defects such as pigment separation, weld lines, wrinkles and cracks. 
[0172] In using the in-mold coating formation method and the in-mold coating formation apparatus according to the 
second aspect of the present invention, since the mold position and the mold closing force can all bo controlled by the 
stroke pattern of the mold closing cylinder and can be subjected to a feedback control, it is possible to perform a 
continuous control without having to change a control object. Further, with the use of a toggle type injection molding 
machine, it is possible to control the position of the mold with a high speed and a high precision. In this way, it is sure 
to obtain a simplified control system and a high response capable of dealing with a sudden change in an operation 
pattern. 

[0173] Further, according to this aspect of the present invention, by performing a feedback control in accordance 
with a predetermined coating material pressure pattern, even if an in-mold coating formation will be different from one 
shot to another, it is still possible for each coating layer to obtain a stabilized outside appearance and a stabilized 
adhesion strength. Moreover, with the use of a shear edge type mold which was often used to deal with SMC and 
BMC, even if only a feedback control of the mold closing force is performed without performing any other controls, it 
is still possible to obtain an integrally formed molded product coated with a coating layer having a sufficiently uniform 
and high adhesion strength. 

[0174] Further, with the use of the in-mold coating formation mold and the in-mold coating formation method involving 
the use of such a mold, according to the third aspect of the present invention , since a coating material may be prevented 
from leaking to the outside of the mold, the molding formation cycle may be stabilized, thereby improving the productivity 
and maintaining product quality at a stabilized level. This effect is extremely larger than a minus effect caused due to 
an increased step of removing an auxiliary molded portion integrally formed with the molded resin main body. 
[01 75] Moreover, with the use of the in-mold coating formation method according to the fourth aspect of the present 
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molded product, characterized in that: Weh is necessary for the 

(2) an injection time of the coating matenal « ™ , d is defined as t,.; . . 

he coat ng material in contact with an .nterna surface of the mo. ^ gn jntenor of t , 

SatimeUdfrom^ 

mold by reclosure of the moia is sei iu u 

as defined above). . nrt . ri 

» "i SI said thermoplastic rasin arrives at a "^"T^ 1 ^ „, ,„ case that a thermoplastic ream « 
'^S^Z^tZ:^^ », a temper 0,0.1 to or «er then . 



crystallizing temperature. th ermo- 

A „ m-mold —en method, »herelo ^^T^""™^^ 

^lo rosin motoric, la scooted .o '"i^^XX^ resin molded product and Internal eortae. £ a 

^ . • ^ A pWarl in that" 
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a stroke of a hydraulic cylinder for providing a driving force to close a mold in a toggle type injection molding 
machine, or a stroke of a ball screw for providing a driving force to close a mold in a toggle type electric injection 
molding machine, is subjected to a feedback control which is performed by using a mold closing servo valve 
or a servo motor, thereby effecting a drive control using a preset mold opening amount changing pattern and 
a preset mold closing force changing pattern. 

4. An in-mold coating formation method according to claim 3, wherein an in-mold pressure of the coating material 
injected in the mold is subjected to a feedback control which is performed by using a mold closing servo valve or 
a servo motor, thereby effecting a drive control using a preset changing pattern. 

5. An in-mold coating formation apparatus, wherein the mold is opened to at a predetemiined interval after a ther- 
moplastic resin material is subjected to injection-molding within a mold, a predetermined amount of coating material 
injected into a space formed between the surface of the thermoplastic resin molded product and the internal surface 
of the mold cavity of the mold by using a coating material injection device, the mold is reclosed upon the completion 
of injection of the coating material, the injected coating material is allowed to cure within the mold so as to obtain 
an integrally termed molded product having a coating layer tightly adhered to the surface of the thermoplastic resin 
molded product, characterized in that the apparatus comprises: 

a mold closing servo valve for controlling a flow rale and a pressure of a working oil being supplied to a mold 
closing hydraulic cylinder in a toggle type injection molding machine; a stroke sensor for detecting the stroke 
of the hydraulic cylinder; a mold opening amount sensor for detecting the mold opening amount of the mold- 
a mold closing force sensor for detecting a mold closing force of the mold; a coating material pressure sensor 
fordetecting an in-mold pressure of the coating material injected in the mold; a coating material injection device 
for injecting the coating material; 

a mold closing condition setting section for setting and inputting the mold's mold opening amount changing 
pattern and its mold closing force changing pattern, and the coating material's in-mold pressure changing 
pattern; 

injection device control section for receiving a command signal fed from the mold closing condition setting 
section so as to drive and control the coating material injection device; 

a changing pattern storing section capable of storing a correlation between a stroke of the hydraulic cylinder 
detected by the stroke sensor and a mold opening amount detected by the mold opening amount sensor, and 
another correlation between a stroke of the hydraulic cylinder detected by the stroke sensor and a mold closing 
force detected by the mold closing force sensor, also capable of converting a mold opening amount changing 
pattern and a mold closing force changing pattern both of which have been set in advance in the mold closing 
condition setting section into stroke changing patterns of respective hydraulic cylinders; 
a mold closing control section which is provided to cause the mold closing servo valve to perform a feedback 
control in accordance with a stroke changing pattern of the hydrauiiccylinderandan in-mold pressure changing 
pattern of the coating material. 4 w 

An in-mold coating formation apparatus according to claim 5, wherein the toggle type injection molding machine 
is replaced by a toggle type electric injection molding machine, the mold closing hydraulic cylinder is replaced by 
a mold closing ball screw, the mold closing servo valve is replaced by a servo motor. 

An in-mold coating formation mold which is equipped with a coating material injection device for injecting a coating 
material into a mold cavity in order that a coating layer can be formed on the surface of a thermoplastic resin 
molded product within the mold, characterized In that: 

an auxiliary cavity extending in the opening and closing direction of the mold is formed which is communicated 
with the mold cavity of the mold through the entire circumference thereof, the auxiliary cavity has a thickness 
of 0.1 to 2 mm and a length of 0.5 to 30 mm. 

An in-mold coating formation mold according to claim 7, wherein there is provided a heater for heating a cavity 
surface of the auxiliary cavity, said cavity surface being on the coating material injection side. 

An in-mold coating formation method, wherein an in-mold coating formation mold is used which is equipped with 
a coating material injection device that is provided for injecting a coating material into a mold cavity in order that 
a coating layer can be formed on the surface of a thermoplastic resin molded product formed by virtue of the mold 
and which is also equipped with an auxiliary cavity communicated with the mold cavity of the mold through the 
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FIG. 3 
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FIG. 6 
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FIG. 15(a) 
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